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I.  INTRODUCTION 


The  term  Middle  East  has  several  different  definitions.  In  this  report, 
Middle  East  means  the  area  which  includes  Egypt,  Israel,  Jordan,  Lebanon, 
Syria,  the  Arabian  Peninsula,  Iraq,  and  Iran. 

The  climate  of  this  region  is  not  uniform  because  the  terrain  is  quite  un¬ 
even.  Coastal  plains  in  the  Middle  East  vary  in  width  from  place  to  place. 
Much  of  Iran  is  a  plateau,  and  a  large  portion  of  the  Arabian  Peninsula  is 
another  plateau.  Many  areas  are  mountainous.  Part  of  Israel  consists  of  a 
strip  of  land  below  sea  level  with  high  mountains  on  each  side. 

Precipitation  is  the  element  which  is  most  variable  in  space  and  time. 

Mean  annual  rainfall  is  adequate  in  parts  of  Lebanon,  Syria,  Iran,  and  Iraq. 
Large  deserts  exist  in  parts  of  Iran,  the  Arabian  Peninsula,  Syria,  and  Eqypt. 
Year-to-year  variability  of  rainfall  is  high  in  almost  the  entire  Middle  East. 
It  is  extremely  high  in  the  drier  regions  where  sporadic  rains  are  often  heavy 
enough  to  cause  floods.  This  report  discusses  details  of  spatial  and  tempo¬ 
ral  variations  of  precipitation  in  the  Middle  East. 

Summers  are  hot  In  most  of  the  Middle  East,  and  many  areas  are  also  humid. 
This  report  contains  tables  of  three-hourly  means  and  standard  deviations  of 
temperature,  dew  point,  and  absolute  humidity  at  five  stations  for  each  sea¬ 
son. 


Visibility  In  the  Middle  East  is  influenced  by  dust  storms  and  blowing 
dust  in  addition  to  factors  which  affect  visibility  in  other  parts  of  the 
world.  Frequency  distributions  of  visibility  at  five  stations  are  presented 
for  three-hourly  Intervals  during  the  day  in  each  season. 

Latitudinal  and  seasonal  variations  of  Insolation  and  cloud  amount  are 
large  in  the  Middle  East.  Diurnal  changes  are  also  significant  at  many  sta¬ 
tions.  Three-hourly  seasonal  frequency  distributions  of  cloud  amount  at  five 
stations  are  given  in  this  report. 

Finally,  means  and  standard  deviations  of  wind  speed  at  three-hourly  in¬ 
tervals  for  each  season  are  listed  for  five  stations. 


II.  PRECIPITATION 


Arid  and  semlarid  climates  prevail  in  most  of  the  Middle  East  (Dregne, 
1970),  and  the  summer  is  very  dry  in  almost  all  of  the  region.  Many  stations 
have  no  rain  at  all  during  the  months  June  through  September,  and  the  average 
rainfall  in  July  Is  less  than  1.0  mm  in  most  of  the  area.  The  amount  of  rain¬ 
fall  in  July  is  negligible  even  at  many  locations  where  the  annual  mean  preci¬ 
pitation  is  several  hundred  millimeters. 

The  driest  area  is  in  the  interior  of  Egypt.  Luxor  (25“40'N,  32“42'E), 
Dakhla  (25“29'N,  29°00*E),  and  Kharga  (25‘’26'N,  30“34’E)  have  an  annual  aver¬ 
age  of  0  or  1  mm  depending  upon  the  period  of  record  (Rudloff,  1981;  Environ¬ 
mental  Scietice  Services  Administration,  1967b).  Asswan  (23‘’58'N,  32“47'E)  has 
an  annual  average  of  1  or  2  mm.  The  mean  annual  rainfall  is  less  than  40  mn 
at  most  stations  below  30“N  in  Egypt  (Wernstedt,  1972;  Soliman,  1953). 

The  mean  annual  rainfall  is  also  less  than  40  mm  in  parts  of  the  Arabian 
Peninsula  and  in  the  desert  regions  of  Jordan  and  Israel.  Eilat  (29“33'N, 
34*57 ’E)  and  the  Aqaba  Airport  (29°33*N,  35*00'  on  the  Gulf  of  Aqaba  receive 
slightly  less  than  30  mm  of  precipitation  on  an  annual  average  (Takahashi  and 
Arakawa,  1981).  El-Mudawwara  (29*19*N,  35“59'E)  is  even  drier  with  an  annual 
average  of  16  mm  (Wernstedt,  1972).  The  southern  part  of  the  Arabian  Penin¬ 
sula  is  also  very  dry  except  for  the  southwestern  plateau.  To  the  north  of 
the  plateau,  Medina  (24*39'N,  39*39'E)  and  A1  Wajh  (26*13'N,  36“27'E)  receive 
an  average  of  slightly  less  than  40  mm  of  precipitation  per  year,  and  Aden 
(12*50'N,  45*01 'E)  to  the  south  on  the  Gulf  of  Aden  receives  approximately  the 
same  amount  (Takahashi  and  Arakawa,  1981). 

Average  annual  rainfall  less  than  200  mm  is  common  in  the  Middle  East. 
These  low  mean  annual  values  are  found  in  all  of  Egypt,  most  of  the  Arabian 
Peninsula,  and  the  southern  parts  of  Iran  and  Iraq.  They  are  also  found  in 
eastern  and  southern  Syria,  a  large  part  of  Jordan,  and  in  the  middle  and 
southern  parts  of  the  Jordan  Valley  in  Israel. 

Some  parts  of  the  Middle  East  receive  much  more  rainfall.  The  average 
annual  precipitation  in  most  of  Lebanon  is  more  than  600  mm,  and  amounts  may 
reach  or  exceed  1400  mm  in  the  western  hilly  district  (Takahashi  and  Arakawa, 
1981;  Wernstedt,  1972).  Even  in  the  drier  central  and  northern  parts  of  the 
eastern  district  of  Lebanon,  the  annual  average  rainfall  is  expected  to  be  at 
least  250  mm.  In  Israel  the  annual  rainfall  has  an  average  of  400-800  mm  in 
the  coastal  district  and  600-1000  mm  in  the  hilly  district.  Mean  annual  rain¬ 
fall  exceeds  200  mm  in  the  western  and  northeastern  parts  of  Syria  and  may 
exceed  1000  mm  in  coastal  areas.  In  Jordan  both  the  western  hills  and  eastern 
hills  receive  more  than  500  mm,  and  the  western  bills  may  have  as  much  as  800 
mm  annual  average  precipitation.  In  the  Zagros  mountains  in  the  extreme 
northeastern  part  of  Iraq  and  northwestern  part  of  Iran  average  annual  preci¬ 
pitation  exceeds  1000  mm  in  some  places.  The  Elburz  slopes  and  the  Caspian 
coast  in  Iran  also  have  high  precipitation.  This  may  be  greater  than  1500  mm 
along  the  western  part  of  the  Caspian  coast. 


> 


The  northern  part  of  Iran  and  the  southern  part  of  the  Arabian  Peninsula 
are  the  only  locations  in  the  Middle  East  where  the  average  precipitation  in 
July  is  more  than  1.0  mm.  At  a  few  of  the  Iranian  stations  several  tens  of 
millimeters  may  fall  in  the  summer,  but  the  largest  portion  of  precipitation 
falls  during  the  other  three  seasons.  Some  stations  in  the  southern  part  of 
the  Arabian  Peninsula  actually  receive  a  majority  of  their  precipitation  in 
the  summer.  For  example,  Dhala  (13°42'N,  44°44'E)  at  an  elevation  of  1395  m 
has  an  annual  average  of  376.6  mm,  but  it  receives  105.9  mm  in  July  and  112.7 
mm  in  August.  Farther  east  on  the  coast  of  the  Arabian  Sea,  Salalah  (17'’03'N, 
54“06'E)  at  an  elevation  of  10  m  receives  58.2  mm  of  its  annual  95.9  mm  during 
the  three  summer  months  of  June,  July,  and  August. 

It  is  a  general  rule  throughout  the  world  that  the  variability  of  preci¬ 
pitation  is  high  where  average  precipitation  is  low  and  vice  versa.  Vari¬ 
ability  in  the  Middle  East  is  among  the  highest  in  the  world.  The  annual  pre¬ 
cipitation  at  Tehran  varies  between  91  and  560  mm  according  to  Khalill's 
(1976)  study  of  the  years  1894-1974.  The  range  of  precipitation  during  a 
rainfall  year  (August  through  July)  at  Jerusalem  is  from  210  mm  to  1090  mm 
during  the  seasons  1860-61  through  1959-60  according  to  Striem  and  Rosenan 
(1973).  In  general,  a  variability  is  defined  as  a  ratio  which  is  formed  when 
the  mean  of  the  absolute  values  of  deviations  from  the  mean  is  divided  by  the 
mean.  Maps  in  Petterssen  (1958)  and  Berry  et  al.  (1973)  show  that  the  vari¬ 
ability  is  more  than  40  percent  in  most  of  the  Middle  East  and  is  more  than  20 
percent  in  almost  the  entire  region.  The  upper  limit  of  variability  in  the 
driest  regions  is  200  percent  (Schumann  and  Mostert,  1949).  Griffiths  (1959) 
cites  evidence  that  most  annual  variabilities  in  the  world  fall  within  the 
range  of  7  percent  to  87  percent.  Katsnelson  and  Kotz  (1957)  cite  a  value  of 
94  percent  for  Themed  in  the  Sinai  peninsula  for  the  rain-years  1921-22 
through  1946-47. 

Table  1  contains  annual  precipitations  for  the  years  1951-1960  at  a 
sample  of  14  stations  with  good  data  in  the  Middle  East.  This  sample  is  not 
located  randomly  in  the  region  because  consistent  reliable  observations  tend 
to  be  found  in  desirable  areas  where  people  have  chosen  to  settle.  Even  in 
this  sample,  half  of  the  stations  have  a  variability  greater  than  30%  during 
the  10-year  period,  and  only  Tripoli,  Lebanon,  has  a  variability  less  than 
20%.  The  annual  precipitation  at  Cairo  is  so  changeable  that  73  mm  fell  in 
1951  and  only  3  mm  In  1958.  Cairo,  Bahrain,  Dhahran,  and  Baghdad  all  have 
variabilities  greater  than  40%.  At  Tripoli,  the  1227  mm  for  1953  is  more  than 
twice  the  609  mm  for  1958  even  though  Tripoli  has  a  variability  less  than  20%. 

Year-to-year  variations  In  the  amount  of  precipitation  for  a  given  month 
in  the  Middle  East  are  really  large.  Table  2  contains  the  amounts  of  precipi¬ 
tation  for  January  in  the  years  1951-1960  at  the  same  stations  listed  in  Table 
1.  The  difference  between  the  wettest  January  and  the  driest  January  is  at 
least  a  factor  of  four  at  every  station,  and  the  differences  are  much  larger 
at  most  stations.  At  Alexandria,  Bahrain,  Cairo,  and  Dhahran  the  fluctuations 
are  particularly  large.  For  example,  the  rainfall  for  both  January  1954  and 
January  i960  Is  only  1  ram  at  Bahrain,  but  the  rainfall  for  January  1959  is  136 


The  sporadic  rain  In  the  drier  parts  of  the  Middle  East  usually  comes  in 
the  form  of  heavy  showers  which  are  often  accompanied  by  thunder  and  light¬ 
ning.  The  sporadic  nature  of  rainfall  at  Baghdad,  Iraq,  is  documented  in 
Normand's  (1919)  analysis  of  monthly  rainfall  for  the  years  1888-1918.  In 
each  month  the  maximum  rainfall  in  24  hours  during  the  31-year  period  is 
larger  than  the  mean  for  that  month.  Al-Najim's  (1975a, c)  more  recent  data 
for  the  years  1941-1970  show  that  the  number  of  thunderstorm  days  per  year  in 
Baghdad  varies  from  3  to  21,  with  a  mean  near  10.  This  large  mean  exists  even 
though  the  average  annual  precipitation  in  Baghdad  is  less  than  200  mm.  Aqaba 
Airport  in  Jordan  has  an  average  of  4.1  days  with  thunderstorms  per  year  even 
though  the  average  annual  precipitation  is  less  than  30  mm  (Takahashi  and 
Arakawa,  1981).  Sollman's  (1953)  study  of  several  cases  in  Egypt  based  on 
data  up  to  1945  contains  striking  examples  of  the  sporadic  nature  of  precipi¬ 
tation  in  Egypt.  The  maximum  rainfall  for  one  day  is  many  times  the  annual 
mean  at  several  stations,  and  it  is  more  than  the  annual  mean  at  18  of  the  30 
stations  in  Sollman's  study.  Studies  of  individual  weather  situations  may  be 
found  in  Ashbel  (1938),  Durward  (1930),  All  (1953),  and  Dayan  and  Abramski 
(1983).  Intensities  and  durations  of  rainfall  at  Jerusalem  are  discussed  by 
Strlem  and  Rosenan  (1973). 

The  heavy  sporadic  rain  the  Kiddle  East  often  causes  local  flash  flooding 
(Howe  et  al.,  1968),  and  nearly  all  desert  streams  possess  a  potential  for 
serious  floods  (Dregne,  1970).  Drier  regions  contain  numerous  river  or  stream 
beds  which  are  only  intermittently  filled  with  water.  These  beds  are  known  as 
wadis  (or  sometimes  oueds),  and  they  may  quite  suddenly  become  torrential 
rivers  of  mud,  water,  and  rock.  Plant  growth  often  takes  place  in  wadis  when 
the  water  subsides,  and  they  are  sometimes  cultivated  for  agricultural  pur¬ 
poses. 

Floods  may  also  be  caused  by  drainage  of  accumulated  rainfall  or  melting 
snow  (Dregne,  1970;  Takahashi  and  Arakawa,  1981).  Floods  in  the  great  rift  in 
eastern  Israel  between  two  mountain  ranges  are  caused  by  drainage  down  the 
slopes  on  both  sides.  Floods  along  larger  rivers  in  the  Middle  East  are 
usually  caused  partly  by  runoff  of  rain  and  melting  snow  from  hilly  and  moun¬ 
tainous  regions.  The  Nile  River  Is  subject  to  annual  flooding  (Howe  et  al., 
1968).  Floods  of  the  Tigris  and  Euphrates  rivers  in  Iraq  are  associated  pri¬ 
marily  with  melting  of  snow  on  the  mountains  in  the  north  in  spring. 

Snowfall  in  the  Middle  East  is  most  common  in  the  mountains  in  the  nor¬ 
thern  and  western  parts  of  Iran  and  In  the  northeastern  part  of  Iraq  (Taka¬ 
hashi  and  Arakawa,  1981).  Tabriz  (38°08'N,  46°15'E)  at  an  elevation  of  1362  m 
has  a  mean  of  28.9  days  per  year  with  snow.  The  hilly  districts  of  Lebanon 
may  have  5  to  10  days  of  snow  annually,  and  the  northern  part  of  Syria  has  an 
annual  average  of  approximately  four  days.  An  annual  average  of  one  or  two 
days  of  snow  occurs  In  Israel  and  Jordan.  Snow  need  not  be  considered  on  the 
Arabian  Peninsula  except  on  very  high  peaks. 

A  few  studies  from  the  Middle  East  Indicate  that  there  Is  a  diurnal  vari¬ 
ation  in  precipitation.  Al-Najim  (1975c)  states  that  midnight  thunderstorms 
occur  frequently  In  the  Arabian  Gulf  (more  commonly  called  the  Persian  Gulf). 
Otterman  and  Sharon's  (1979)  investigation  of  rainfall  In  the  Negev  indicates 
that  hlgh-intens I ty  rain  has  a  much  higher  frequency  in  the  afternoon  and 
early  evening  than  at  other  hours.  Low-intensity  rain  shows  little  diurnal 


variation.  Kutiel  and  Sharon's  (1980)  later  analysis  shows  that  diurnal 
variation  of  rain  nearer  the  coast  In  Israel  is  much  smaller  than  In  the 
Negev,  and  a  maximum  occurs  several  hours  later.  Kutiel  and  Sharon's  (1981) 
work  also  reveals  that  there  Is  a  diurnal  variation  of  spatial  correlations  In 
the  northern  Negev.  The  average  correlation  between  pairs  of  stations  is  0.44 
for  the  period  0600-1200  hours  and  0.09  for  the  six  hours  from  1200  hours  to 
1800  hours. 

Spatial  variations  of  dally  and  monthly  rainfall  totals  In  Israel  are 
also  available.  According  to  Sharon  (1979)  dally  rainfall  in  the  Jordan 
Valley  Is  largely  Independent  of  the  rainfall  In  the  surrounding  hills  In 
Jordan  and  Israel.  Kutiel' s  (1982)  extensive  study  of  monthly  rainfall  totals 
of  22  stations  In  Israel  contains  correlations  for  each  station  with  every 
other  station  for  20  rainy  seasons.  These  correlations  show  that  rainfall  at 
Eilat  Is  essentially  uncorrelated  with  rain  In  most  of  the  rest  of  the 
country,  and  It  Is  not  highly  correlated  with  any  other  station  In  Israel. 

An  extensive  study  of  spatial  variations  of  precipitation  In  and  near  the 
Elburz  mountain  range  In  northern  Iran  Is  discussed  by  Khali 11  (1973).  Maxi¬ 
mum  annual  mean  precipitation  of  more  than  1600  mm  Is  centered  at  Bandar 
Pahlavi  on  the  western  part  of  the  Caspian  coast.  There  Is  a  secondary  maxi¬ 
mum  of  more  than  1000  mm  near  the  highest  part  of  the  Elburz.  An  average  de¬ 
crease  from  north  to  south  of  7  mm/km  occurs,  and  a  small  mean  decrease  of  1 
mm/km  from  west  to  east  exists.  On  the  northern  slopes  of  the  Elburz,  the 
mean  annual  precipitation  decreases  with  altitude,  and  the  maximum  occurs  on 
the  Caspian  coastal  plain.  On  the  southern  slopes,  the  mean  precipitation  In¬ 
creases  with  altitude.  The  mean  correlations  between  precipitation  at  pairs 
of  stations  in  the  southern  region  of  the  Elburz  are  0.53,  0.78,  0.49,  and 
0.71  in  winter,  spring,  summer,  and  fall,  respectively.  Mean  correlations  be¬ 
tween  pairs  In  the  northern  region  are  0.51,  0.55,  0.68,  and  0.55  in  winter, 
spring,  summer,  and  fall,  respectively.  However,  precipitation  at  southern 
stations  Is  not  well  correlated  with  precipitation  at  northern  stations  In  any 
season. 

On  a  larger  scale,  Alexandria,  Egypt,  and  Baghdad,  Iraq,  have  approxi¬ 
mately  the  same  mean  annual  precipitation  (Rudloff,  1981),  but  the  correlation 
of  annual  precipitation  at  the  two  stations  based  on  66  years  of  data  Is  only 
0.01  (Gabriel  and  Petrondas,  1984). 

A  detailed  mesoscale  study  (Khallll,  1976)  of  the  period  1969-1973  In  and 
around  Tehran  Indicates  that  rural  stations  average  60  days  with  measurable 
precipitation,  while  urban  stations  have  an  annual  average  of  only  43  days. 

The  respective  rural  and  urban  numbers  become  40  and  35  If  only  days  with  a 
dally  total  of  at  least  1.0  mm  are  considered. 

Inadvertent  weather  modifications  due  to  urbanization  In  the  Middle  East 
may  be  accompanied  by  deliberate  efforts  to  modify  the  atmosphere.  Large- 
scale  cloud  seeding  experiments  In  Israel  on  275  days  from  1960  to  1967  are 
described  by  Gabriel  et  al.  (1967)  and  Sharon  (1978).  The  dimensions  of  rain¬ 
fall  areas  increase  an  average  of  approximately  10  km  on  seeded  days.  How¬ 
ever,  there  Is  no  statistical  evidence  of  persistence  of  effects  of  cloud 
seeding  over  periods  of  days  or  months.  Another  deliberate  modification  which 
has  been  considered  In  the  Middle  East  Is  Intentional  flooding  of  land.  Segal 
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et  al.  (1983)  apply  a  numerical  mesoscale  model  to  predict  the  effects  of 
flooding  the  Qattara  depression  In  the  western  desert  of  Egypt.  Their  results 
Indicate  that  the  formation  of  a  lake  In  this  region  could  cause  a  temperature 
decrease  of  a  few  degrees  Celsius  and  the  development  of  lake  breezes  during 
summer  afternoons.  Such  a  project  Is  feasible  because  the  Qattara  depression 
Is  only  about  90  km  from  the  Mediterranean  shore,  and  the  Intervening  area  has 
low  topographic  relief.  Surface  albedo  and  temperature  can  be  modified  by 
fencing  off  an  overgrazed  area  and  allowing  vegetation  recovery.  Satellite 
measurements  by  Otterman  and  Tucker  (1985)  in  the  northern  Sinai  during  day¬ 
light  hours  In  the  dry  season  show  that  albedo  is  reduced  at  least  25  percent 
and  temperatures  are  actually  as  much  as  2.5'*C  higher  over  the  vegetation. 

Any  anthropogenic  modifications  are  superimposed  upon  natural  fluctua¬ 
tions  which  may  have  very  long  periods.  This  can  be  shown  by  examining  the 
magnitude  of  Nile  flooding  about  which  information  exists  from  3000  B.C. 

(Rlehl  and  Meltln,  1979).  Continuous  records  of  the  annual  maximum  and  mini¬ 
mum  levels  of  the  river  at  one  location  are  available  for  the  period  640-1470 
A.D.  (Hameed,  1984).  The  period  622—1976  A.D.  can  be  described  with  only  a 
few  Interruptions  (Rlehl  et  al.,  1979;  Rlehl  and  Meltln,  1979;  and  Hassan, 
1981).  Periods  from  17.3  years  to  more  than  a  century  appear  In  the  data. 
Flooding  of  the  Nile  river  Is  above  average  from  the  middle  of  the  nineteenth 
century  to  1976. 

Results  of  several  Investigations  document  the  existence  of  trends  In 
precipitation  for  periods  of  a  few  decades  to  a  century.  Khallll's  (1976) 
analysis  of  precipitation  data  for  the  years  1894-1974  at  Tehran  shows  an  In¬ 
crease  until  the  early  1920's  followed  by  a  decrease  until  the  early  1960'3 
with  a  slight  Increase  until  1974.  The  overall  trend  of  Khallll’s  for  the 
entire  period  Is  negative.  Wlnstanley's  (1973)  investigation  of  mean  rainfall 
for  the  rainy  seasons  1951-52  through  1969-70  at  several  Middle  Eastern  sta¬ 
tions  also  shows  a  broad  minimum  near  1960.  Al-Najlra's  (1975a, c)  work  exhi¬ 
bits  positive  trends  of  thunderstorms  and  exceptional  floods  In  Iraq  during 
the  31  years  1941-1971.  Maximum  flooding  occurs  at  the  end  of  the  period,  but 
maximum  thunderstorms  In  the  early  1960's  are  followed  by  some  decrease.  Pre¬ 
cipitation  at  Jerusalem  decreases  considerably  from  the  beginning  to  the  end 
of  the  period  1861-1960.  Strlera's  (1979)  records  show  mean  annual  precipita¬ 
tion  of  604.9  mm  up  to  1900,  539.9  mm  for  1901-1930,  and  492.9  mm  for  1931- 
1960.  Uncertainty  of  what  to  expect  In  the  Middle  East  Is  Illustrated  by  the 
fact  that  Takahashl  and  Arakawa  (1981)  list  mean  annual  precipitation  of  627.1 
mm  for  the  years  1952-1965  at  Jerusalem.  Short  term  uncertainty  may  be  de¬ 
creased  somewhat  by  using  various  forecasting  techniques  (Krown,  1966;  All, 
1953). 

Precipitation  measurements  correlate  Inversely  with  temperature  measure¬ 
ments  at  Jerusalem  (Striera,  1979,  1981),  and  the  overall  trend  of  temperature 
from  1861  to  1960  Is  positive  at  Jerusalem.  The  annual  mean  Is  16.9‘’C  for 
1861-1900,  17.0“C  for  1901-1930,  and  17.3“C  for  1931-1960.  The  annual  mean 
temperature  at  Jerusalem  for  1952-1965  Is  16.6”C  according  to  Takahashl  and 
Arakawa  (1981).  According  to  newer  temperature  data  which  will  be  discussed 
in  the  following  section  of  this  report,  the  annual  m<.an  temperature  at 
Jerusalem  for  the  period  1973-1981  is  16.2°C. 


III.  TEMPERATURE,  DEW  POINT,  AND  HUMIDITY 

At  most  locations  In  the  Middle  East,  both  temperature  and  dew  point 
have  seasonal  variations  which  are  out“Of“phase  with  the  variation  of  rain¬ 
fall.  The  dew  point  of  a  parcel  of  moist  air  is  the  temperature  to  which  it 
must  be  cooled  at  constant  pressure  to  become  saturated.  The  water  vapor  con¬ 
tent  of  air  increases  almost  exponentially  with  dew  point,  and  saturation  is 
seldom  reached  during  the  hot  summers  in  the  Middle  East.  However,  dew  points 
and  absolute  humidities  are  higher  in  summer  than  in  winter.  Extreme  dew 
points  above  32° C  have  been  recorded  in  summer  along  the  coastal  areas  of  the 
Persian  Gulf  and  the  Red  Sea  (Howe  et  al.,  1968;  Dodd,  1969;  and  Rlordan, 
1974).  These  are  among  the  highest  in  the  world,  and  dew  points  above  25°C 
are  fairly  common  in  summer  in  these  coastal  areas.  Furthermore,  absolute 
humidities  aboard  a  ship  in  the  Red  Sea  and  the  Gulf  of  Aden  are  higher  than 
those  in  a  commonly  used  model  of  the  tropical  atmosphere  (Tomasl,  1984). 
Turner  (1978)  and  Shehadeh  (1984)  show  that  the  climate  along  the  Persian  Gulf 
(which  they  call  the  Arabian  Gulf)  has  a  high  discomfort  index  during  the 
warmer  half  of  the  year,  but  winter  is  comfortable. 

Table  3  contains  frequency  distributions  of  temperature  for  January, 
April,  July,  and  October  at  three  stations  from  Dodd's  (1969)  study  of  high 
dew  points  and  associated  temperatures  throughout  the  world.  Abadan  (30°20'N, 
48°18'E)  and  Dhahran  (26°17'N,  50°09,E)  have  very  hot  summers.  The  median 
temperature  in  July  is  37.9°C  at  Abadan  and  35.2°C  at  Dhahran.  Cairo  (30°02' 
N,  31°15'E)  is  cooler  with  a  median  July  temperature  of  28.1°C.  Ten  percent 
of  the  temperatures  in  July  are  above  43.9°C,  4l.8°C,  and  35.1°C  at  Abadan, 
Dhahran,  and  Cairo,  respectively,  and  ninety  percent  are  above  28.9°C,  30.2°C, 
and  22.7°C.  All  three  stations  are  much  cooler  in  January  when  median  tem¬ 
peratures  are  13.4°C  and  13.2°C  at  Abadan  and  Cairo  and  15.6°C  at  Dhahran. 
April  and  October  have  temperatures  intermediate  between  those  in  January  and 
July.  October  is  a  little  warmer  than  April  at  all  three  stations. 

Billions'  (1972)  investigation  of  frequencies  and  durations  of  surface 
temperatures  in  hot  and  dry  regions  includes  analysis  of  84  stations,  of  which 
17  are  in  the  Middle  East.  In  her  table  of  values  equaled  or  exceeded  one 
percent  of  the  time,  the  highest  value  is  119°F(48.3°C)  which  occurs  in  Saudi 
Arabia  in  July.  Twelve  of  the  84  stations  have  one-percent  values  of  at  least 
115°F(46. 1°C)  in  some  months,  and  six  of  these  are  in  the  Middle  Eastern 
countries  of  Iran,  Iraq,  and  Saudi  Arabia.  The  highest  temperature  equaled  or 
exceeded  five  percent  of  the  time  is  the  116°F(46.7°C)  which  occurs  in  Saudi 
Arabia  in  July.  Temperatures  seldom  remain  as  high  as  115°F  (46.1°C)  more 
than  eight  hours,  and  durations  near  four  hours  are  typical.  Because  the 
diurnal  variation  of  temperature  at  these  very  hot  stations  is  large,  dura¬ 
tions  of  temperatures  greater  than  or  equal  to  IOO°F(37.8°C)  are  always  less 
than  24  hours. 

Table  3  also  contains  frequency  distributions  of  dew  point  for  the  four 
midseason  months,  and  these  are  generally  higher  than  those  in  most  parts  of 
the  world.  Medians  in  July  are  comparable  to  each  other  at  the  three  sta¬ 
tions,  but  maximum  dew  points  are  higher  at  Abadan  and  Dhahran  than  at  Cairo. 
Median  dew  points  in  July  are  17.7°C  at  Cairo,  18.4°C  at  Dhahran,  and  19.2°C 
at  Abadan.  Ten  percent  are  greater  than  26.7°C  at  Abadan  and  27.3°C  at 
Dhahran  in  July,  but  the  corresponding  threshold  value  is  only  20.6°C  at 
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Cairo.  Dew  points  are  between  10  and  13*C  less  In  January  than  In  July  at 
Abadan  and  Cairo.  Dew  points  In  April  and  October  are  comparable  to  each 
other  and  are  approximately  midway  between  January  and  July  for  all  percen¬ 
tiles  at  Abadan.  Dew  points  at  Cairo  are  slightly  less  In  October  than  In 
July,  and  those  In  April  are  a  little  higher  than  the  dew  points  In  January. 
The  median  dew  point  Is  higher  In  October  than  In  July  at  Dhahran  where  the 
median  Is  ZO.S^C  In  October  and  18.A“C  In  July.  The  standard  deviation  of  dew 
point  at  Dhahran  Is  larger  In  July  than  In  October,  and  maximum  values  occur 
In  July.  Dew  points  at  Dhahran  are  rather  high  even  In  January  when  the 
median  Is  lO.O^C,  and  ten  percent  are  greater  than  IS.O^C. 

Diurnal  variations  of  surface  temperature  and  dew  point  at  the  standard 
observational  level  of  2  m  are  quite  large  at  many  locations  In  the  Middle 
East.  Minimum  temperatures  occur  near  sunrise,  and  maxima  occur  In  the  after¬ 
noon.  Observations  of  dew  points  from  several  stations  In  the  Middle  East 
show  evidence  of  a  double  oscillation  which  Is  described  In  textbooks  (Godske 
et  al.,  1957;  Petterssen,  1958).  This  double  oscillation  Is  caused  by  changes 
In  vertical  transport  associated  with  the  diurnal  variation  of  atmospheric 
stability.  The  minimum  dew  point  In  the  morning  coincides  with  the  minimum 
temperature.  The  decrease  of  stability  when  the  surface  temperature  Increases 
after  sunrise  causes  evaporation  and  upward  transfer  of  water  vapor  from  the 
ground.  Initially  the  vapor  accumulates  In  a  layer  near  the  ground,  and  a 
maximum  amount  exists  between  0800  and  1000  hours  local  time.  Continued  sur¬ 
face  heating  after  this  time  causes  the  lapse  rate  to  become  so  steep  that 
vertical  exchange  extends  through  a  much  deeper  layer  while  the  ground  has 
become  much  drier.  A  second  minimum  dew  point  occurs  In  the  afternoon  at 
approximately  1500  hours.  Convection  diminishes  as  surface  heating  decreases, 
and  a  second  maximum  dew  point  occurs  between  3  and  4  hours  after  sunset. 
During  the  night  there  Is  a  flux  of  water  to  the  ground,  and  the  dew  point 
decreases  until  sunrise. 

Three-hourly  means  and  standard  deviations  of  temperature  and  dew  point 
for  each  season  at  Dhahran  (26'’16'N,  SO^IO'E)  are  listed  In  Table  4.  Values 
In  this  table  were  obtained  by  analyzing  raw  data  on  magnetic  tape  received 
from  the  USAF  Environmental  Technical  Applications  Center  (ETAC).  Minimum 
temperatures  occur  at  0600  hours,  and  maxima  occur  at  1200  or  1500  hours.  The 
range  of  the  three-hourly  temperatures  Is  approximately  11° C  In  summer  and 
fall,  lO^C  In  spring,  and  S°C  In  winter.  Each  hour  has  the  smallest  standard 
deviation  of  temperature  in  summer  and  the  largest  In  spring.  Standard  de¬ 
viations  of  temperature  vary  from  2.0°C  to  6.0°C.  The  mean  diurnal  range  of 
dew  point  Is  much  smaller  than  the  range  of  temperature.  The  mean  dally  mini¬ 
mum  dew  point  In  winter  Is  10.0° C  which  occurs  at  0600  hours,  and  a  secondary 
minimum  of  10.1°C  occurs  at  1500  hours.  The  highest  mean  dew  point  In  winter 
at  Dhahran  Is  11.9°C  at  2100  hours,  and  a  secondary  maximum  Is  10.5'’C  at  0900 
hours.  The  double  cycle  Is  not  evident  during  the  other  three  seasons  when 
the  minimum  Is  at  noon  and  the  maximum  at  2100  hours.  The  largest  difference 
of  mean  dew  point  between  2100  hours  and  1200  hours  Is  6.5°C  which  exists  In 
summer  when  the  maximum  is  20.5°C  and  the  minimum  Is  14.0°C.  Mean  dew  points 
are  lowest  In  winter  at  each  of  the  eight  three-hourly  observation  times. 
Summer  has  the  highest  values  at  0000  hours  and  2100  hours,  but  mean  dew 


points  are  highest  In  fall  at  the  other  six  observation  times.  Standard 
deviations  are  largest  In  summer  and  smallest  In  winter  at  every  hour.  They 
vary  from  4.0®C  to  7.4®C.  Because  standard  deviations  are  considerably  larger 
In  summer  than  In  fall,  maximum  dew  points  are  expected  In  summer.  This  Is 
consistent  with  the  findings  of  Dodd  (1969). 

Means  and  standard  deviations  of  temperature  and  dew  point  at  three— 
hourly  Intervals  at  Tel  Aviv,  Israel,  are  listed  In  Table  5.  Tel  Aviv  Is  a 
little  cooler  than  Dhahran  In  winter  and  much  cooler  In  summer.  Standard 
deviations  of  temperature  are  lower  at  Tel  Aviv  than  at  Dhahran  throughout  the 
year.  Mean  dew  points  at  Tel  Aviv  are  a  few  degrees  lower  than  those  at 
Dhahran  In  all  seasons  except  summer  when  Tel  Aviv  has  higher  mean  dew  points 
from  0600  hours  to  1800  hours.  The  minima  in  the  double  cycle  of  mean  dew 
point  at  Tel  Aviv  In  summer  are  17.0“C  at  0600  hours  and  17.8°C  at  1500  hours, 
and  the  maxima  are  18.6°C  at  0900  hours  and  19.3°C  at  2100  hours.  The  dew 
point  at  Tel  Aviv  has  a  double  cycle  In  all  seasons  except  winter,  but  the 
magnitudes  of  the  diurnal  range  are  small  during  the  entire  year.  Standard 
deviations  of  dew  point  at  Tel  Aviv  are  less  than  half  as  large  as  those  at 
Dhahran  In  summer,  and  they  are  slightly  smaller  in  winter  and  spring.  Dif¬ 
ferences  between  standard  deviations  of  dew  point  at  Dhahran  and  Tel  Aviv  are 
very  small  in  fall. 

Table  6  contains  means  and  standard  deviations  of  temperature  and  dew 
point  at  three-hourly  intervals  at  Jerusalem.  Because  Jerusalem  is  at  an  ele¬ 
vation  of  809  m.  It  is  not  surprising  that  It  Is  cooler  and  drier  than  Tel 
Aviv  at  41  m.  Temperatures  and  dew  points  are  consistently  a  few  degrees 
lower  at  Jerusalem,  Standard  deviations  of  dew  point  are  higher  at  Jerusalem 
throughout  the  year,  and  the  difference  Is  quite  large  In  summer. 

Baghdad,  Iraq,  has  very  large  diurnal  ranges  of  temperature.  Table  7 
shows  that  In  summer  the  mean  is  41.4'’C  at  1500  hours  and  24.8‘’C  at  0600  hours 
based  on  data  from  the  years  1973-1980.  Average  dally  maxima  are  40.2*C, 
43.0’’C,  and  43.3‘’C  for  June,  July,  and  August  according  to  Normand's  (1919) 
analysis  of  data  from  Baghdad  for  the  period  1888-1918.  Normand  reports 
averge  dally  minima  of  24.3°C,  26.4'’C,  and  25.8'’C  during  the  three  summer 
months.  Normand  does  not  make  clear  if  a  max-min  thermometer  was  used  or  If 
hourly  data  were  used.  The  means  in  winter  according  to  our  data  are  16.2“C 
at  1500  hours  and  6.0°C  at  0600  hours.  Normand's  data  for  December,  January, 
and  February  show  average  dally  maxima  of  17.1°C,  15.0°C,  and  18.4®C  and 
average  dally  minima  of  5.7°C,  3.5°C,  and  6.0'’C.  The  standard  deviation  of 
temperature  at  0600  hours  In  winter  is  at  Baghdad,  and  therefore  tem¬ 

peratures  can  be  expected  to  be  below  freezing  on  several  winter  days. 

Baghdad  has  an  average  of  17  days  of  frost  per  year  according  to  data  from  the 
years  1941-1971  (Al-Najlm,  1975b).  Frost  Is  a  problem  for  agriculture  in  most 
of  Iraq  and  more  than  20  days  per  year  occur  In  part  of  the  northeastern  sec¬ 
tion  of  the  country. 

There  Is  evidence  of  a  double  oscillation  of  dew  point  In  all  seasons  at 
Baghdad,  but  the  times  of  some  maxima  and  minima  do  not  fit  the  conventional 
pattern.  In  winter  the  mean  minimum  dew  point  Is  3.0°C  at  0600  hours,  and  a 
secondary  minimum  of  4.7°C  occurs  at  1500  hours.  The  highest  mean  dew  point 
In  the  three-hourly  data  at  Baghdad  In  winter  is  5.3°C  at  noon  which  Is  late. 

A  secondary  maximum  of  5.0°C  at  1800  hours  In  winter  Is  earlier  than  the 
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typical  time.  Highest  mean  dew  points  In  the  three-hourly  data  from  Baghdad 
for  the  other  three  seasons  occur  at  0900  hours,  and  secondary  maxima  occur  at 
2100  hours.  The  highest  mean  for  the  year  Is  10.0°C  at  0900  hours  In  summer. 

The  lowest  mean  dew  points  In  summer  and  fall  are  5.2  C  and  4.9  C,  respec¬ 

tively,  and  they  occur  at  1500  hours.  In  spring  the  lowest  Is  the  4.7  C  at 
1800  hours. 

Table  8  contains  three-hourly  seasonal  means  and  standard  deviations  of 
temperature  and  dew  point  for  Tehran,  Iran.  The  seasonal  variation  of  tem¬ 
perature  Is  very  large  at  Tehran.  The  mean  at  1500  hours  Is  34.8  C  In  summer 
and  6.9‘’C  In  winter.  The  difference  between  summer  and  winter  Is  slightly 
smaller  at  0600  hours  when  the  mean  temperature  Is  24.7‘’C  In  summer  and  0.6*C 
In  winter.  The  seasonal  variation  of  dew  point  Is  much  smaller,  and  the  diur¬ 
nal  fluctuations  are  very  small.  In  winter  the  lowest  mean  dew  point  Is 
-3.9°C  at  0600  hours,  and  the  highest  Is  -3.0*0  at  1800  hours  and  2100  hours. 
In  spring  the  lowest  mean  dew  point  Is  -1.3*0  at  1500  hours  and  the  highest  Is 

0.9*0  at  0900  hours.  In  fall  the  lowest  mean  dew  point  Is  -0.8*0,  and  the 

highest  Is  1.0*0.  The  diurnal  variation  of  mean  dew  point  at  Tehran  Is  also 
very  small  In  summer  when  the  highest  Is  5.5*0  at  0900  hours  and  the  lowest  Is 
4.1*0  at  1800  hours. 

Tables  9-13  describe  the  seasonal  three-hourly  variation  of  absolute 
humidity  at  the  five  stations  for  which  temperature  and  dew  point  are  listed 
In  Tables  4-8.  Tables  9-13  Include  maxima,  minima,  means,  and  standard  de¬ 
viations  of  absolute  humidity.  Dhahran  is  the  station  which  has  the  highest 
means  In  winter,  spring,  and  fall,  but  Tel  Aviv  has  higher  means  from  0900 
hours  to  1500  hours  In  summer.  Tehran  has  lower  mean  absolute  humidities  than 
the  other  four  stations  at  all  hours  In  all  seasons.  Tehran  Is  so  much  drier 
than  Dhahran  In  winter  that  the  means  near  4  grams  per  cubic  meter  at  Tehran 
are  approximately  the  same  as  the  minima  at  Dhahran.  In  winter  the  means  at 
Dhahran  at  all  hours  are  near  10  grams  per  cubic  meter,  but  maxima  at  Tehran 
are  less  than  or  equal  to  this  value.  In  summer  at  Tehran  mean  absolute  humi¬ 
dities  are  near  7  grams  per  cubic  meter  at  all  hours.  In  summer  at  Dhahran 
the  large  diurnal  range  of  means  Includes  a  low  of  12.9  grams  per  cubic  meter 
at  noon  and  a  high  of  18.7  grams  per  cubic  meter  at  2100  hours.  Dhahran  has 
higher  standard  deviations  than  the  other  four  stations  at  all  hours  In  all 

seasons.  The  maxima  for  Dhahran  In  Table  9  are  higher  than  those  at  the  other 

stations  In  all  seasons.  The  determination  of  these  extreme  values  involves 
some  subjectivity  in  the  decision  concerning  which  outliers  should  be  con¬ 
sidered  erroneous.  Dodd  (1969)  has  accepted  dew  points  of  89*F  (31.7*C)  at 
Dhahran  with  simultaneous  temperatures  from  91*F  to  102°F  (32.8*C  -  38.9*C). 
This  corresponds  to  an  absolute  humidity  of  33  grams  per  cubic  meter.  The 
maximum  of  37  grams  per  cubic  meter  in  Table  9  corresponds  to  a  dew  point 
which  Is  only  about  two  degrees  Celsius  higher.  Determination  of  maxima  at 
Tehran  is  very  subjective  because  this  stations  has  very  poor  data.  There  Is 
no  precise  method  to  define  an  upper  limit  of  absolute  humidity,  but  the  lower 

limit  must  be  positive.  Therefore,  many  distributions  are  skewed  at  all  sta¬ 

tions.  This  Is  especially  true  In  the  summer  when  the  difference  between  the 
maximum  and  the  mean  Is  usually  larger  than  the  difference  between  the  mean 
and  the  minimum. 


IV.  VISIBILITY 


The  diurnal  frequency  of  low  visibilities  is  bimodal  in  much  of  the 
Middle  East.  Fogs  typically  occur  in  the  early  morning  hours  and  begin  to 
dissipate  at  sunrise.  Dust  storms  are  most  frequent  from  noon  to  1500  hours 
when  vertical  mixing  is  strongest.  Aerosols  can  remain  in  the  air  as  long  as 
vertical  velocity  fluctuations  are  greater  than  the  terminal  velocity  of  the 
falling  particles  (Gillette  et  al.,  1974;  Gillette  and  Goodwin,  1974). 

Fog  occurs  when  suspended  drops  of  water  near  the  surface  of  the  earth 
cause  atmospheric  visibility  to  be  reduced  below  1  km  (Huschke,  1959).  Infor¬ 
mation  on  fog  drop-size  distribution  in  the  Middle  East  is  not  available.  Ex¬ 
tensive  general  information  about  fog  at  many  other  locations  throughout  the 
world  Is  discussed  In  a  survey  article  by  Stewart  and  Essenwanger  (1982). 

A  dust  storm  is  usually  defined  as  a  condition  where  sand  or  dust  in  the 
atmosphere  reduce  visibility  below  1  km.  Hinds  and  Holdale  (1975)  also  define 
a  condition  of  blowing  dust  when  the  visibility  is  below  11  km.  Their  report 
contains  the  monthly  three-hourly  frequency  of  these  conditions  for  135  sta¬ 
tions. 

The  size  of  desert  dust  typically  has  a  bimodal  distribution  (D’Almelda 
and  Schiitz,  1983;  Holst  et  al.,  1982;  Patterson  and  Gillette,  1977b;  and 
Schutz  and  Jaenlcke,  1974).  One  modal  radius  of  volume  distributions  is  typ¬ 
ically  a  few  micrometers,  and  another  Is  in  the  range  20-50  micrometers. 

Sowellm's  (1983)  measurements  at  Cairo,  Egypt,  indicate  that  a  strong  re¬ 
lationship  exists  between  mean  wind  speed  and  median  particle  diameter.  On 
the  other  hand,  Kushelevsky  et  al.  (1983)  obtain  a  weak  relationship  between 
the  amount  of  suspended  particulate  matter  and  wind  speed  at  Beer-Sheva, 
Israel.  There  appears  to  be  no  simple  formula  to  relate  wind  speed  to  aerosol 
concentration  In  the  desert.  Hanna  (1969)  describe  types  of  wind  patterns 
associated  with  the  formation  of  sand  dunes.  Hanna's  article  Includes  pic¬ 
tures  of  desert  areas  In  Saudi  Arabia  and  Iran. 

Hinds  and  Holdale  (1975)  recommended  the  following  formula  to  obtain  con¬ 
centration  C  In  micrograms  per  cubic  meter  as  a  function  of  visibility  V  in 
kilometers: 


56000 

C  =  - 

Vl.25 

According  to  their  formula,  a  dust  particle  concentration  of  56000  micrograms 
per  cubic  meters  Is  associated  with  a  visibility  of  1  km.  The  above  formula 
gives  a  concentration  of  almost  2800  micrograms  per  cubic  meter  for  a  visibi¬ 
lity  of  11  km.  Patterson  and  Gillette  (1977a)  discuss  visibility  versus  mass 
concentration  for  several  locations  In  the  world,  and  the  above  formula  Is  not 
always  reliable.  They  consider  another  formula  where  the  exponent  of  V  is 
unity.  The  above  formula  certainly  does  not  seem  to  be  reliable  at  Beer- 
Sheva,  Israel,  where  Kushelevsky  et  al.  (1983)  measured  total  suspended 


particle  (TSP)  concentration  for  one  year.  Levels  of  TSP  at  Beer-Sheva  were 
mostly  500  to  800  micrograms  per  cubic  meter  during  dust  storms.  The  highest 
TSP  level  In  the  measurement  of  Kushelevsky  et  al.  Is  5080  micrograms  per 
cubic  meter,  and  the  second  highest  Is  1600  micrograms  per  cubic  meter. 

Table  14  contains  three-hourly  cumulative  frequency  distributions  of 
visibility  at  Baghdad,  Iraq.  Winter  has  the  greater  frequency  of  visibilities 
less  than  or  equal  to  0.62  ml  (1  km),  and  fall  has  the  least.  A  blomodal 
diurnal  variation  of  frequency  Is  evident  In  these  low  visibilities.  In 
winter  a  minimum  of  1.5  percent  at  1200  hours  occurs  between  6.7  percent  at 
0900  hours  and  2.7  percent  at  1500  hours.  In  summer  0.9  percent  at  0900  hours 
comes  between  1.4  percent  at  0600  hours  and  2.0  percent  at  1200  hours.  Three 
maxima  of  visibilities  less  than  or  equal  to  1  km  exist  at  Baghdad  In  spring. 
The  maximum  at  midnight  Is  explained  In  studies  of  Al-Najlm  (1975a, c).  Spring 
dust  storms  are  usually  associated  with  thunderstorms,  especially  those  at 
night,  and  midnight  thunderstorms  occur  frequently.  Baghdad  has  an  average  of 
17  dust  storms  per  year  and  113  cases  of  blowing  dust  (Hinds  and  Holdale, 
1975).  The  diurnal  variation  of  frequency  of  visibilities  less  than  or  equal 
to  3  ml  (4.83  km)  Is  much  simpler.  The  largest  number  of  these  visibilities 
occurs  at  noon  In  summer  and  at  0900  hours  In  the  other  three  seasons.  Visi¬ 
bility  Is  greater  than  3  ml  In  spring  and  summer  more  than  90  percent  of  the 
time  at  all  hours.  In  fall  more  than  10  percent  of  visibilities  are  less  than 
or  equal  to  3  ml  only  at  0900  hours.  In  winter  at  0900  hours  almost  one-third 
of  visibilities  are  less  than  or  equal  to  3  ml.  Visibilities  greater  than  10 
ml  (16.1  km)  occur  leas  than  one-half  of  one  percent  of  the  time. 

Table  15  contains  three-hourly  cumulative  frequency  distributions  of  vi¬ 
sibility  at  Dhahran,  Saudla  Arabia.  A  distinct  blmodal  distribution  of  visi¬ 
bilities  less  than  or  equal  to  1  km  occurs  only  In  summer  when  the  2.3  percent 
at  0600  hours  and  2.8  percent  at  1500  hours  are  separated  by  1.2  percent  at 
0900  hours  and  2.5  percent  at  1200  hours.  This  Is  consistent  with  Hinds  and 
Holdale' s  (1975)  study  which  finds  that  dust  storms  at  Dhahran  are  most  fre¬ 
quent  In  June  and  July.  In  fall  and  winter,  visibilities  less  than  or  equal 
to  1  km  occur  primarily  at  0300  hours  and  0600  hours.  Nearly  all  visibilities 
at  Dhahran  are  less  than  10  ml  (16.1  km).  This  Is  not  surprising  considering 
the  large  amount  of  dust  In  the  air.  There  are  22  dust  storms  and  116  cases 
of  blowing  dust  per  year  according  to  Hinds  and  Holdale.  Atmospheric  pollu¬ 
tion  by  humans  Is  also  a  problem  In  Saudi  Arabia  just  as  It  Is  elsewhere 
(Newell  et  al.,  1981). 

Three-hourly  frequency  distributions  of  visibility  at  Jerusalem  and  Tel 
Aviv,  Israel,  are  contained  In  Tables  16  and  17.  Dust  storms  are  rare  at  both 
stations  and  generally  occur  In  the  spring.  Blowing  dust  occurs  24  times  per 
year  at  Jerusalem  and  5  times  per  year  at  Tel  Aviv.  Anthropogenic  urban 
effects  are  Important  In  Israel  according  to  Levin  and  Llndberg  (1979).  Their 
measurements  in  the  city  of  Tel  Aviv  contrast  sharply  with  observations  at 
Mltzpe  Ramon  in  the  Negev  Desert.  The  aerosol  concentration  at  Tel  Aviv  In 
winter  Is  one  order  of  magnitude  larger  than  the  concentration  at  Mltzpe 
Ramon.  Nevertheless  visibilities  below  1  km  are  not  frequent  at  Tel  Aviv. 
Frequencies  are  less  than  1.0  percent  at  all  hours  In  fall  and  winter.  The 
maximum  is  1.8  percent  at  0600  hours  in  spring.  On  the  other  hand,  the 


largest  percent  of  low  visibilities  at  Jerusalem  occur  in  winter  when  4.3  per¬ 
cent  at  0900  hours  are  less  than  or  equal  to  1  km.  Visibilities  greater  than 
10  ml  (16.1  km)  are  more  frequent  at  both  Jerusalem  and  Tel  Aviv  than  at 
Dhahran  or  Baghdad.  These  large  visibilities  are  most  probable  from  0900 
hours  to  1800  hours.  More  than  20  percent  of  visibilities  at  Jerusalem  are 
greater  than  16.1  km  at  noon  in  spring  and  fall.  The  largest  number  of  visi¬ 
bilities  greater  than  16.1  km  at  Tel  Aviv  is  17.1  percent  at  1500  hours  in 
winter. 

Table  18  contains  three-hourly  frequency  distributions  of  visibility  at 
Tehran,  Iran.  Visibilities  less  than  or  equal  to  1  km  are  rare  except  in 
winter  which  has  a  maximum  of  4.1  percent  at  0900  hours  and  a  minimum  of  1.7 
percent  at  1800  hours.  Visibilities  greater  than  16.1  km  occur  more  often 
than  at  Dhahran  and  Baghdad,  but  they  are  not  common.  The  most  frequent 
occurrence  of  these  high  visibilities  is  8.7  percent  at  1500  hours  in  spring. 
It  may  be  worth  pointing  out  that  the  low  Incidence  of  dust  storms  (0.1  per 
is  not  representative  of  all  of  Iran.  Abadan  has  25  dust  storms  per 

year. 


V.  SOLAR  ENERGY  AND  CLOUDS 


World  maps  of  total  solar  radiation  (direct  plus  diffuse)  are  available  in 
Ldf  et  al.  (1966)  and  De  Jong  (1973).  More  recent  detailed  information  for  a 
few  stations  will  also  be  discussed  in  this  section. 

Total  radiation  at  the  surface  in  June  is  quite  high  in  the  Middle  East. 
The  maximum  is  more  than  700  calories  per  square  centimeter  per  day  (700 
Langleys/day)  in  Iran  and  Iraq.  The  minimum  is  between  500  and  550  Langleys/ 
day  in  the  southwestern  part  of  the  Arabian  Peninsula  (Ldf  et  al.,  1966). 

This  agrees  well  with  data  for  Baghdad  in  Abbas  and  Elnesr  (1981),  but  the 
values  for  Iraq  are  slightly  higher  than  those  which  are  given  in  graphical 
form  in  Ahmad  et  al.  (1983).  They  are  also  higher  than  the  total  radiation 
data  for  June  which  are  recorded  by  Daneshyar  (1978)  who  lists  means  for 
several  stations  in  Iran.  The  highest  in  June  is  680  Langleys/day  at  Isfahan 
and  the  lowest  is  486  Langleys/day  at  Ramsar.  Sfeir's  (1981)  data  for  Lebanon 
in  June  contain  a  value  of  626  Langleys/day  for  the  coastal  region  and  710 
Langleys/day  for  the  Interior.  The  total  radiation  in  June  at  Beer-Sheva, 
Israel,  is  638  Langleys/day  according  to  Kudish  et  al.  (1983). 

Solar  radiation  at  the  surface  of  the  earth  in  December  is  less  than  half 
as  large  as  in  June  in  much  of  the  Middle  East  (Ldf  et  al.,  1966).  Variation 
in  December  is  from  less  than  200  Langleys/day  in  northern  Iran  to  more  than 
400  Langleys/day  in  southwestern  Saudi  Arabia.  This  is  consistent  with  obser¬ 
vations  of  Daneshyar  (1983)  for  Iran  in  December  when  total  radiation  varies 
from  171  Langleys/day  at  Bandar  Pahlavl  to  321  Langleys/day  at  Chahbahar.  In 
Iraq  in  December,  variation  is  from  160  Langleys/day  in  the  northern  part  to 
315  Langleys/day  in  the  extreme  south  according  to  Ahmad  et  al.  (1983).  The 
total  solar  radiation  at  Beer-Sheva,  Israel,  is  only  224  Langleys/day  in 
December  according  to  Kudish  et  al.  (1983).  Sfeir's  (1981)  observations  for 
Lebanon  in  December  show  little  difference  between  the  coastal  and  interior 
regions.  Total  radiation  is  196  Langleys/day  along  the  coast  and  201  Lang¬ 
leys/day  in  the  interior.  It  follows  that  cloud  amounts  in  the  coastal  and 
interior  parts  of  Lebanon  are  approximately  the  same  in  December. 

Tables  19-23  contain  three-hourl/  seasonal  frequency  distributions  of 
cloud  amount  at  five  stations.  Clear  skies  predominate  in  the  Middle  East  in 
summer,  and  they  occur  frequently  in  winter. 

At  Baghdad  in  summer  skies  are  clear  an  average  of  89  percent  of  the  time. 
The  most  clouds  occur  in  the  afternoon  at  1500  hours  when  skies  are  clear 
86.70  percent  of  the  time  in  summer  and  in  the  morning  at  0600  hours  when 
skies  are  clear  85.85  percent  of  the  time.  Fewest  clouds  occur  at  Baghdad  at 
0300  hours  in  summer  when  the  sky  is  clear  92.20  percent  of  the  time.  Over¬ 
cast  and  obscure  skies  occur  less  than  one  percent  of  the  time  at  Baghdad  in 
summer . 

Baghdad  is  not  an  unusually  cloudy  place  in  fall,  winter,  or  spring. 
Overcast  and  obscure  skies  are  most  common  in  winter  when  they  occur  approxi¬ 
mate!  14  percent  of  the  time.  Overcast  and  obscure  skies  occur  less  than  3 
percent  of  the  time  in  fall  and  less  than  9  percent  of  the  time  in  spring. 
Dlumal  range  of  the  percent  of  clear  skies  at  Baghdad  is  large  in  winter. 
Clear  skies  in  winter  are  most  frequent  at  0300  hours  when  38.13  percent  are 


clear.  Clear  skies  In  winter  are  least  coirmon  at  1800  hours  when  Baghdad 
skies  are  clear  only  12.74  percent  of  the  time.  The  percent  of  clear  skies  in 
spring  is  a  little  larger  than  in  winter  except  at  0600  hours  when  37.82  per¬ 
cent  are  clear  in  winter  and  26.42  percent  are  clear  in  spring.  In  fall  at 
Baghdad,  skies  are  clear  more  than  half  of  the  time.  The  most  occur  at  0300 
hours  with  70.06  percent  and  the  least  at  1800  hours  with  48.61  percent. 

Ohahran  has  fewer  clear  skies  than  Baghdad  during  part  of  the  year,  but  it 
also  has  a  smaller  amount  of  obscure  and  overcast  skies.  Our  data  for  Dhahran 
were  checked  for  consistency  with  Sherr  et  al.  (1968)  and  Brown  and  Jeffries 
(1985).  Even  in  winter  sky  cover  is  less  than  or  equal  to  seven-eighths  more 
than  93.0  percent  of  the  time  at  Dhahran.  Skies  are  clear  in  winter  slightly 
less  than  one-third  of  the  time  from  0900  hours  to  1800  hours  and  more  than 
one-half  of  the  time  from  2100  hours  to  0300  hours. 

Clear  skies  prevail  more  than  half  the  time  in  summer  at  Jerusalem  and  are 
common  during  the  rest  of  the  year.  The  smallest  amount  of  clear  skies  occurs 
in  winter  at  1500  hours  when  the  amount  is  only  12.81  percent.  The  diurnal 
range  is  large  in  winter  at  Jerusalem,  and  skies  are  clear  44.09  percent  of 
the  time  at  0600  hours.  Less  than  one  percent  of  skies  are  overcast  or  ob¬ 
scured  at  Jerusalem  in  summer,  and  even  in  winter  the  amount  is  only  15  per¬ 
cent. 

Tel  Aviv  is  much  cloudier,  and  even  in  the  summer  clear  skies  occur  less 
than  one-fifth  of  the  time  from  0600  hours  to  0900  hours.  At  0300  hours  there 
is  little  seasonal  variation  in  the  percent  of  clear  skies  at  Tel  Aviv,  but 
the  amount  of  obscure  and  overcast  is  much  larger  in  winter  than  in  summer. 

At  0600  hours  clear  skies  are  more  than  twice  as  likely  to  occur  in  fall  and 
winter  than  In  summer,  and  overcast  and  obscured  skies  are  four  times  as  pro¬ 
bable  in  winter  as  in  summer.  In  the  afternoon  clear  skies  are  many  times 
more  probable  in  summer  than  winter  at  Tel  Aviv. 

At  Tehran  clear  skies  are  least  likely  in  spring  at  all  hours.  At  1500 
hours  in  spring  the  probability  of  clear  skies  is  only  3.22  percent.  The  pro¬ 
bability  of  clear  skies  in  spring  is  only  27.45  percent  when  it  reaches  its 
largest  diurnal  amount  at  0300  hours.  In  summer  the  probability  of  clear 
skies  is  less  than  one-half  from  noon  to  midnight. 

Christensen  (1983)  discusses  the  probability  that  clouds  are  absent  at 
different  altitudes  in  several  regions.  The  lowest  probabilities  of  clear 
skies  exist  between  6500  ft  (1981  m)  and  14000  ft  (4267  m)  above  mean  sea 
level  in  the  Middle  East.  In  summer  probabilities  of  clear  skies  in  desert 
and  mountainous  regions  do  not  differ  greatly  at  any  altitude.  In  winter 
clear  skies  are  much  less  probable  in  mountainous  regions,  and  this  is  espe¬ 
cially  true  for  airplanes  flying  at  higher  altitudes. 


VI.  WIND  SPEED 


Basic  characteristics  of  wind  In  the  Middle  East  are  the  ease  ee  tboM  in 
other  parts  of  the  world.  Winds  are  normally  strongest  In  the  early  aftemoon 
when  the  atmosphere  Is  least  stable.  The  Instability  causes  turbulent 
of  slowly  moving  air  near  the  surface  with  more  rapidly  moving  air  aloft*  It 
follows  that  winds  should  be  weakest  Just  before  sunrise  when  the  atmosphere 
Is  most  stable. 

The  development  of  land  and  sea  breezes  at  stations  near  water  causes  the 
standard  diurnal  variation  of  wind  speed  to  be  modified.  An  effect  can  be 
produced  by  bodies  of  water  which  are  not  as  large  as  the  Mediterranean  Sea  or 
the  Persian  Gulf.  The  Dead  Sea  develops  Its  own  sea  breezes  (Bltan,  1974, 
1977).  Lake  Klnneret  (Sea  of  Galilee)  Is  more  shallow  and  covers  a  smaller 
area  In  the  Jordan  Rift  Valley,  but  It  is  also  Important  (Bltan,  1981;  Asculal 
et  al.,  1984).  The  wind  system  in  this  area  Is  very  complicated  because  of 
the  Interaction  of  the  lake  breeze,  sea  breezes  from  the  Mediterranean,  and 
the  mountain  valley  wind. 

Tables  24-28  contain  seasonal  three-hsuvly  mean  wind  speeds  and  standard 
deviations.  Wind  speeds  In  these  tables  follow  typical  patterns* 

The  diurnal  variation  of  wind  speed  at  Jerusalem  is  largest  In  summer  and 
smallest  In  winter.  The  lowest  mean  wind  speed  In  winter  Is  3.21  m/sec  at 
0600  hours  and  the  highest  Is  5.30  m/sec  at  1500  hours.  The  lowest  mean  In 
summer  Is  3.03  m/sec  at  0600  houis  and  the  highest  Is  7.18  m/sec  at  1800 
hours.  Early  morning  winds  ave  lightest  In  fall  when  the  mean  speed  at  0600 
hours  Is  only  1.95  m/sec.  The  mean  speed  at  0600  hours  In  spring  Is  2*66 
m/sec.  Highest  mean  speeds  In  spring  and  fall  occur  at  1800  hours,  and  magiil~ 
tudes  are  between  those  In  summer  and  winter.  Standard  deviations  of  wind 
speed  at  Jerusalem  have  a  small  diurnal  range.  Standard  deviations  are  much 
smaller  in  summer  when  they  range  from  1.92  ra/sec  to  2*39  m/sec  than  in  winter 
when  they  range  from  3.48  m/sec  to  3.75  m/sec*  Magnitudes  of  standard  devia¬ 
tions  in  spring  are  between  those  in  summer  and  winter.  This  is  also  true  in 
fall  except  at  0600  hours  when  the  standard  deviation  in  summer  is  2.39  m/sec 
and  the  one  In  fall  Is  2.27  m/sec. 

Wind  speeds  and  standard  deviations  are  usually  lower  at  Tel  Aviv  than  at 
Jerusalem,  and  seasonal  variations  are  smaller  at  Tel  Aviv.  Largest  mean 
speeds  occur  at  1500  hours  in  all  seasons  at  Tel  Aviv.  The  magnitudes  are 
4.65  m/sec,  5.69  ro/sec,  5.32  m/sec,  and  5.15  m/sec  in  winter,  spring,  summer, 
and  fall  respectively.  Speeds  drop  off  sharply  between  1800  hours  and  2100 
hours  In  all  seasons.  This  la  roost  apparent  in  summer  when  the  speed  is  4*66 
m/sec  at  1800  hours  and  1.98  m/aec  at  2100  hours.  Spends  decrease  slightly 
from  2100  hours  to  0000  hours  after  which  they  change  little  for  a  few  h^ra* 

The  diurnal  range  of  wind  speed  at  Dhahran  is  larger  than  It  la  at 
Jerusalem.  The  mean  In  summer  at  Dhahran  is  7.51  m/aec  at  1500  hours  and  2*73 
m/sac  at  2100  hours.  This  is  a  difference  of  4.76  m/aec.  Even  In  winter  the 
range  Is  2.23  m/aoc  between  5*28  m/aec  at  1500  hours  and  3*05  m/aec  at  0000 
hours.  Lowest  mean  8);eeda  occur  at  0000  hours  tn  every  season  except  aunmier 
St  Dhahran. 


The  seasonal  variation  of  diurnal  range  of  speeds  is  somewhat  smaller  at 
Baghdad  than  at  the  other  stations.  The  range  in  winter  is  2.53  m/sec,  the 
difference  between  4.50  m/sec  at  1500  hours  and  1.97  m/sec  at  0600  hours.  The 
range  in  si’mmer  is  3.84  m/sec,  the  difference  between  6.84  m/sec  at  1500  hours 
and  3.00  m/sec  at  2100  hours.  Fall  and  spring  have  intermediate  values. 

Mean  daily  minimum  wind  speeds  are  lower  at  Tehran  than  at  Baghdad 
throughout  the  year,  and  maxima  are  lower  at  Tehran  except  in  spring.  Tehran 
is  unusual  because  the  diurnal  range  in  spring  is  considerably  larger  than  the 
diurnal  range  in  the  other  seasons.  The  difference  between  the  mean  of  5.46 
m/sec  at  1500  hours  and  2.10  m/sec  at  0600  hours  gives  a  range  of  3.36  m/sec 
in  spring  at  Tehran.  The  ranges  are  2.13  m/sec,  2.15  m/sec,  and  2.20  m/sec  in 
winter,  summer,  and  fall. 


VII.  SUMMARY 


The  most  variable  characteristic  of  climate  In  the  Middle  East  Is  preci¬ 
pitation.  The  summer  Is  dry  In  almost  the  entire  region,  but  the  total  annual 
precipitation  varies  considerably.  Mean  annual  rainfall  Is  less  than  40  mm  In 
most  of  Egypt  and  the  Arabian  Peninsula  and  In  parts  of  Israel  and  Jordan. 

Mean  annaul  rainfall  exceeds  1000  mm  In  parts  of  Lebanon,  Syria,  Iran,  and 
Iraq.  Year-to-year  variability  is  more  than  40  percent  In  most  of  the  Middle 
East  and  more  than  20  percent  in  almost  the  entire  region.  Sporadic  rain  In 
the  driest  regions  usually  comes  in  the  form  of  heavy  showers  which  often 
cause  floods. 

Temperatures  are  high  In  summer  In  most  of  the  Middle  East,  and  dew 
points  are  also  high  In  many  areas.  Extreme  dew  points  along  the  coastal 
areas  of  the  Persian  Gulf  and  the  Red  Sea  are  among  the  highest  In  the  world. 
Mean  absolute  humidities  In  summer  and  fall  at  Dhahran,  Saudi  Arabia,  are 
greater  than  15.0  grams  per  cubic  meter,  and  humidities  greater  than  30.0 
grams  per  cubic  meter  are  expected  from  time  to  time. 

Fog  and  pollution  reduce  visibility  In  the  Middle  East  just  as  else¬ 
where,  and  dust  storms  are  an  additional  problem  in  most  of  the  region. 

Blowing  dust  Is  common,  and  In  many  areas  visibilities  greater  than  10  mi 
(16.1  km)  are  rare.  The  diurnal  variation  of  low  visibilities  Is  blmodal  in 
much  of  the  Middle  East.  Fogs  are  most  frequent  just  before  sunrise,  and  dust 
storms  are  most  severe  In  the  early  afternoon. 

Insolation  In  the  Middle  East  Is  high  throughout  the  region  In  June  but 
Is  low  In  the  northern  areas  In  December.  In  northern  Iran  the  total  solar 
radiation  at  the  surface  is  slightly  below  700  Langleys/day  In  June  and  Is 
below  200  Langleys/day  In  December.  In  southwestern  Saudi  Arabia  the  change 
from  June  to  December  is  from  about  500  Langleys/day  to  a  little  more  than  400 
Langleys/day.  Skies  are  clear  at  least  half  of  the  time  In  summer  In  most  of 
the  Middle  East.  At  Baghdad,  Iraq,  summer  skies  are  clear  89  percent  of  the 
time. 


Winds  In  the  Middle  East  are  strongest  In  the  afternoon  and  weakest 
sometime  between  sunset  and  sunrise.  In  many  places  winds  are  weakest  a  short 
time  before  sunrise  when  the  atmosphere  Is  most  stable.  In  other  locations, 
the  diurnal  cycle  Is  influenced  by  land  and  sea  breezes  or  by  mountain  and 
valley  winds. 

Topography  and  distance  from  water  affect  all  climatic  elements  to  some 
extent.  The  terrain  In  the  Middle  East  Is  not  at  all  uniform.  The  width  of 
coastal  plains  varies  considerably  from  place  to  place.  The  rift  In  the 
Jordan  Valley  reaches  a  depth  of  nearly  400  m  below  sea  level  near  the  Dead 
Sea,  and  mountains  are  on  each  side  of  the  rift.  Even  higher  peaks  exist  In 
the  Elburz  and  Zagros  mountains  In  Iran.  Major  portions  of  Iran,  Syria,  and 
the  Arabian  Peninsula  are  plateaus.  This  diversity  In  the  land  Is  reflected 
In  diversity  In  the  climate. 
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TABLE  2.  Year-To-Year  Variation  of  Precipitation  in 
January  at  the  Stations  Listed  in  TABLE  !• 


' 


Station 

Year 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

Precipitation  in  January  (millimeters) 

Alexandria 

33 

35 

32 

12 

1 

64 

80 

53 

64 

71 

Cairo 

0 

3 

0 

0 

2 

0 

15 

2 

2 

10 

Bahrain 

3 

7 

2 

1 

67 

17 

35 

40 

136 

1 

Dhahran 

4 

5 

2 

1 

28 

18 

19 

57 

127 

3 

Tel  Aviv 

81 

149 

160 

118 

28 

136 

144 

164 

106 

162 

Beer-Sheva 

22 

61 

4 

15 

9 

54 

59 

52 

12 

19 

Amman 

28 

36 

29 

18 

14 

66 

101 

107 

67 

31 

Beirut 

120 

110 

172 

134 

39 

99 

91 

127 

188 

126 

Tripoli 

159 

115 

250 

357 

64 

238 

130 

280 

215 

147 

Damascus 

19 

20 

148 

70 

6 

45 

69 

71 

61 

27 

Baghdad 

37 

8 

5 

14 

54 

8 

12 

74 

5 

28 

K1 rkuk 

41 

7 

66 

16 

63 

33 

52 

38 

9 

69 

Abadan 

61 

32 

5 

3 

12 

12 

18 

17 

23 

15 

Tehran 

56 

17 

17 

27 

55 

10 

51 

27 

48 

8 

Si 

r 

“  «r  fc” 


& 

v'.V, 
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TABLE  3.  Frequency  Distributions  of  Temperature  (''C)  and  Dew  Point  ("C)  During 
the  Midseason  Mont^'?  at  Three  Middle  Eastern  Stations  (Dodd,  1969). 
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TABLE  4.  Diurnal  Variation  of  Means  and  standard  Deviations  of  Temperature 
(T)  and  Dew  Point  (TD)  In  Degrees  Celsius  at  Dhahran  (26®16'N, 
50“10'E,  23m),  Saudi  Arabia,  for  the  Period  1973-1981. 


Local 

Time 

Variable 

Season 

Winter 

Spring 

Summer 

Fall 

0000 

Mean  T 

14.8 

22.5 

30.8 

24.2 

o(T) 

3.2 

5.1 

2.7 

4.5 

Mean  TD 

11.4 

15.0 

19.9 

19.4 

o(TD) 

4.1 

4.7 

6.1 

5.4 

0300 

Mean  T 

13.4 

20.8 

29.5 

22.7 

a(T) 

3.6 

4.9 

2.6 

4.5 

Mean  TD 

10.6 

14.4 

17.9 

18.3 

a(TD) 

4.5 

4.8 

6.6 

5.8 

0600 

Mean  T 

12.9 

20.7 

29.3 

21.8 

a(T) 

3.6 

5.1 

2.5 

4.6 

Mean  TD 

10.0 

13.9 

15.9 

16.4 

c<TD) 

4.6 

5.0 

7.4 

6.4 

0900 

Mean  T 

15.8 

26.6 

36.3 

27.9 

a(T) 

3.4 

5.8 

2.0 

5.3 

Mean  TD 

10.5 

13.0 

14.5 

15.8 

aCTD) 

4.8 

5.1 

7.2 

6.9 

1200 

Mean  T 

20.2 

30.2 

40.2 

32.6 

a<T) 

3.4 

6.0 

2.8 

5.3 

Mean  TD 

10.4 

11.5 

14.0 

14.4 

a(TD) 

4.6 

5.5 

6.8 

6.0 

1500 

Mean  T 

20.9 

30.0 

39.7 

32.6 

o(T) 

3.2 

5.8 

2.2 

5.0 

Mean  TD 

10. 1 

11.8 

15.2 

15.8 

o(TD) 

4.6 

5.7 

6.4 

5.5 

1800 

Mean  T 

18.6 

27.2 

36.5 

29.0 

C3(T) 

2.9 

5.4 

2.1 

4.9 

Mean  TD 

11.6 

13.7 

18.0 

19.0 

o(TD) 

4.1 

5.1 

6.1 

5.0 

2100 

Mean  T 

16.2 

24.3 

32.8 

26.1 

a(T) 

2.8 

4.9 

2.0 

4.5 

Mean  TD 

11.9 

15.1 

20.5 

20.2 

{J(TD) 

4.0 

4.7 

6.1 

5.0 

"j 
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TABLE  5.  Diurnal  Variation  of  Means  and  Standard  Deviations  of  Temperature 
(T)  and  Dew  Point  (TD)  in  Degrees  Celsius  at  Tel  Aviv  (32®00*N, 
34®54'E,  41m),  Israel,  for  the  Period  1973-1981. 


Local 

Time 

Variable 

Season 

Winter 

Spring 

Summer 

Fall 

0000 

Mean  T 

11.4 

15.5 

22.6 

19.0 

o(T) 

2.8 

4.1 

2.1 

3.7 

Mean  TD 

7.3 

10.9 

18.5 

14.1 

o(TD) 

3.3 

3.4 

2.6 

5.0 

0300 

Mean  T 

10.4 

13.9 

21.1 

17.8 

CJ(T) 

2.9 

4.2 

2.2 

3.8 

Mean  TD 

6.6 

9.9 

17.6 

13.2 

a(TD) 

3.7 

3.7 

2.7 

5.2 

0600 

Mean  T 

9.9 

13.3 

20.4 

17.1 

o(T) 

3.2 

4.1 

2.4 

3.9 

Mean  TD 

6.3 

9.4 

17.0 

12.8 

o(TD) 

3.6 

3.7 

3.4 

5.0 

0900 

Mean  T 

11.3 

18.1 

25.7 

21.4 

a(T) 

2.8 

4.8 

1.9 

4.3 

Mean  TD 

6.3 

10.5 

18.6 

13.8 

o(TD) 

3.7 

4.1 

2.7 

5.5 

1200 

Mean  T 

16.4 

22.8 

29.8 

26.2 

o(T) 

3.6 

5.4 

2.1 

3.9 

Mean  TD 

6.7 

9.3 

17.9 

13.5 

o(TD) 

4.3 

5.2 

2.9 

5.7 

1500 

Mean  T 

17.9 

23.8 

30.4 

27.0 

c(T) 

3.6 

5.2 

2.1 

3.8 

Mean  TD 

6.7 

9.4 

17.8 

14.0 

o(TD) 

4.9 

5.0 

3.0 

5.5 

1800 

Mean  T 

16.0 

22.0 

28.9 

24.8 

o(T) 

3.0 

4.8 

2.0 

3.9 

Mean  TD 

7.9 

10.0 

18.3 

14.7 

a(TD) 

3.9 

4.0 

2.9 

5.1 

2100 

Mean  T 

12.8 

18.0 

25.0 

21.3 

a(T) 

2.6 

4.2 

1.9 

3.8 

Mean  TD 

8.1 

11.5 

19.3 

15.1 

a(TD) 

3.4 

3.7 

2.7 

5.0 

TABLE  7.  Diurnal  Variation  of  Means  and  Standard  Deviations  of  Temperature 
(T)  and  Dew  Point  (TD)  in  Degrees  Celsius  at  Baghdad  (33“i5'N, 
A4‘’14'E,  34m),  Iraq,  for  the  Period  1973-1980. 
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TABLE  8.  Diurnal  Variation  of  Means  and  Standard  Deviations  of  Temperature 
(T)  and  Dew  Point  (TD)  in  Degrees  Celsius  at  Tehran  (35“41'N, 
51'’19'E,  1204m),  Iran,  for  the  Period  1973-1980. 


Local 

Variable 

Season 

Time 

Winter 

Spring 

Summer 

Fall 

* 

. 

i 

0000 

Mean  T 
o(T) 

1.9 

4.4 

14.4 

6.3 

27.4 

4.0 

16.0 

7.6 

>■: 

Mean  TD 

-3.3 

0.2 

4.9 

-0.8 

;  \ 

o(TD) 

4.2 

5.8 

4.5 

6.2 

■  \  ■*! 

0300 

Mean  T 

1.0 

13.0 

24.8 

15.0 

i 

o(T) 

3.9 

6.1 

3.9 

7.1 

Mean  TD 

-3.8 

0.4 

4.6 

-0.4 

cJ(TD) 

4.4 

5.2 

4.6 

5.9 

v'  •  .• 

0600 

Mean  T 

0.6 

12.7 

24.7 

14.3 

. 

a(T) 

4.3 

6.5 

3.9 

6.9 

j 

Mean  TD 

-3.9 

0.8 

5.0 

-0.4 

n 

a(TD) 

4.2 

5.0 

4.3 

5.6 

0900 

Mean  T 

3.2 

16.8 

29.6 

19.4 

a(T) 

4.2 

6.7 

3.6 

7.5 

Mean  TD 

-3.2 

0.9 

5.5 

1.0 

C3(TD) 

3.7 

5.0 

3.9 

5.3 

i 

1200 

,  •“ 

Mean  T 

5.7 

19.0 

32.3 

21.7 

a(T) 

4,8 

7.2 

4.0 

7.6 

X'*' 

Mean  TD 

-3.5 

-0.2 

4.9 

0.1 

m  ■ 

o(TD) 

4.1 

5.4 

3.8 

5.8 

I-;.-’ 

i 

1500 

Mean  T 

6.9 

20.9 

34.8 

23.3 

o<T) 

4.7 

6.8 

3.2 

7.6 

Mean  TD 

-3.3 

-1.3 

4.3 

-0.8 

a(TD) 

4.3 

5.8 

3.6 

6.0 

1800 

Mean  T 

5.2 

19.6 

34.0 

21.4 

ir 

a(T) 

4.6 

6.6 

3.3 

8.1 

t  —  T 

Mean  TD 

-3.0 

-1.1 

4.1 

-0.5 

a(TD) 

4.4 

5.9 

3.7 

5.7 

2100 

Mean  T 

2.7 

16.4 

29.9 

17.8 

o(T) 

4,1 

6.5 

3.6 

7.8 

m 

Mean  TD 

-3.0 

-0.2 

4.6 

-0.2 

^  •  'i 

cj(TD) 

4.3 

5.9 

4.2 

5.7 

y,-;.; 

3 

:  ] 

i  '  I 

f  y.y, 

TABLE  10.  Diurnal  Variation  of  Maximum,  Mean,  Minimum,  and  Standard  Deviation 
of  Absolute  Humidity  in  Grams  Per  Cubic  Meter  at  Tel  Aviv  (32“00’N, 

34®54'E,  41m),  Israel,  for  the  Period  1973-1981. 

I  W 


Local  Variable 

Season  ''•''■1 

Time  Winter 

Spring  Summer  Fall  >^.'J 

Local  Variable  _ Season _ 

Time  Winter  Spring _  Summer _ Fall 


0000  Maximum  12.1 

16.3  21.8  23.0  ^ 

Mean  8.0 

10.1  15.9  12.5  1 

Minimum  2.2 

3.0  3.4  2.5 

a  1.6 

2.0  2.2  3.3 

I  Mean 

Minimum 

'!  a 

■[  0300  Maximum  1 

^  Mean 

I  Minimum 

"  a 

0600  Maximum  1 

Mean 
Minimum 

I 

0900  Maximum  1 

Mean 

Minimum  i 

•  •  ^ 

®  1200  Maximum  1 

Mean 

Minimum 

i|  1300  Maximum  I 

Mean 

Minimum  i 

a 

V  1800  Maximum  1 

^  Mean  I 

■  Minimum 

a 

2100  Maximum  i: 

Mean  1 

g  Minimum 

a 


0300  Maximum  12.1 

15.4  21.8  21.8 

Mean  7.6 

9.5  15.1  11.9 

3 


a  1.6 

2.0  2.2  3.3  Vi 

0600  Maximum  11.4 

15.4  20.6  20.6 

Mean  7.5 

9.2  14.6  11.6  >/- 

Minimum  1.9 

2.5  0.7  2.2 

0  1.8 

2.0  2.5  3.2 

0900  Maximum  12.1 

18.3  20.6  19.4 

Mean  7.6 

9.9  15.9  12.3 

a  1.6 

2.4  2.3  3.5  /•-I 

1200  Maximum  13.6 

18.3  25.8  20.6 

Mean  7.8 

9.3  15.4  12.2  :  -•j 

Minimum  1.2 

1.9  3.4  1.9  v-;;| 

a  2.0 

2.8  2.4  3.6  V-.vl 

1500  Maximum  13.6 

16.3  27.2  20.6 

Mean  7.9 

9.3  15.3  12.5  ^ 

Minimum  0.5 

0.4  5.2  2.0  vS: 

c  2.2 

2.6  2.6  3.5  Vv 

1800  Maximum  13.6 

15.4  25.8  21.8  ! 

Mean  8.4 

9.6  15.7  13.0  f-  ' 

Minimum  1.5 

2.7  6.4  2.2  ^ 

0  1.9 

2.3  2.5  3.4 

2100  Maximum  12.8 

19.4  21.8  23.0  1 

Mean  8.4 

10.5  16.7  13.3  •] 

Minimum  1.4 

0.4  4.8  2.5  1 

a  1.6 

2.2  2.3  3.5  ---’I 

TABLE  11.  Diurnal  Variation  of  Maximum,  Mean,  Minimum,  and  Standard  Deviation 
of  Absolute  Humidity  In  Grams  Per  Cubic  Meter  at  Jerusalem  (31°47'N, 

SS'IS'E,  809m),  Israel,  for  the  Period  1973-1981.  v;;-:,! 


Local 

Variable 

Season 

Time 

Winter 

Spring  Summer 

Fall 

TABLE  12.  Diurnal  Variation  of  Maximum,  Mean,  Minimum,  and  Standard  Deviation 
of  Absolute  Humidity  in  Grams  Per  Cubic  Meter  at  Baghdad  (33“15'N, 
44®14'E,  34m),  Iraq,  for  the  Period  1973-1980. 


Local  Variable  _ Season 


Time 

Winter 

Spring 

Summer 

Fall 

0000 

Maximum 

12.1 

15.4 

15.4 

15.4 

Mean 

6.6 

8.0 

8.4 

7.6 

Minimum 

2.0 

0.3 

2.4 

2.5 

a 

1.7 

2.2 

1.8 

2.1 

0300 

Maximum 

12.1 

15.4 

15.4 

14.5 

Mean 

6.4 

7.8 

8.5 

7.4 

Minimum 

1.1 

0.3 

2.4 

2.7 

a 

1.7 

2.1 

1.7 

2.0 

0600 

Maximum 

12.1 

15.4 

16.3 

14.5 

Mean 

6.2 

7.9 

8.7 

7.2 

Minimum 

0.2 

3.0 

2.0 

1.7 

a 

1.8 

2.1 

1.9 

1.9 

0900 

Maximum 

12.1 

23.0 

19.4 

16.3 

Mean 

6.8 

8.4 

9.6 

8.0 

Minimum 

0.5 

2.7 

4.2 

2.4 

a 

1.7 

2.3 

2.3 

2.4 

1200 

Maximum 

13.6 

18.3 

19.4 

16.3 

Mean 

7.1 

7.7 

8.5 

7.7 

Minimum 

1.1 

2.7 

3.9 

1.7 

a 

1.9 

2.5 

2.4 

2.4 

1500 

Maximum 

13.6 

25.8 

18.3 

17.3 

Mean 

7.0 

7.0 

7.1 

7.0 

Minimum 

0.3 

1.9 

2.7 

1.0 

a 

2.1 

2.6 

2.1 

2.4 

1800 

Maximum 

12.8 

19.4 

19.4 

15.4 

Mean 

7.0 

7.0 

7.2 

7.8 

Minimum 

1.7 

2.0 

3.0 

3.0 

a 

2.0 

2.5 

2.0 

2.3 

2100 

Maximum 

12.8 

17.3 

21.8 

23.0 

Mean 

6.9 

8.0 

8.5 

7.8 

Minimum 

1.0 

1.6 

3.2 

2.5 

a 

1.9 

2.2 

2.2 

2.2 

2100 


- 

1 

.'vv-fl 

•>>>!: 

TABLE  13. 

Diurnal  Variation  of  Maximum, 

Mean,  Minimum,  and 

Standard  Deviation 

►.* 

of 

Absolute  Humidity  In  Grams 

Per  Cubic  Meter  at 

Tehran  (35“41'N, 

p_' 

51 

®19'E,  1204m),  Iran,  for  the 

Period  1973-1980. 

h 

Local 

Variable 

Season 

-  *  ^  ’ 

t'-: 

Time 

Winter 

Spring  Summer  Fall 

TABLE  14.  Probability  That  VlslLlllty  is  Less  Than  or 

Equal  to  The  Given  Threshold  at  Baghdad,  Iraq. 


Visibility 
Threshold  Season 
(miles)* 


_ Local  Time 

0000  0300  0600  0900  1200 


1500  1800  2100 


V 


TABLE  15.  Probability  That  Visibility  la  Less  Than  or  Equal 
to  The  Given  Threshold  at  Dhahran,  Saudi  Arabia. 


Visibility 
Threshold  Season 
(miles)* 


winter 


Summer 


winter 
g 

Summer 


Local  Time 


0000  0300  0600  0900  1200 


1800  2100 


7 

00 

2 

00 

3 

00 

2 

0 

0 

3 

00 

2 

00 

1 

2 

0 

0 

0 

m 

5 

00 

3 

0 

0 

Winter 


g 

Summer 


Winter 


Summer 


Winter 


Summer 


Winter 
g 

Summer 


Winter 
Spring 
Summer 
Fall 


.013 

.013 

.038 

.017 

.055 

.015 

.031 

.014 

.016 

.022 

.012 

.016 

.008 

.007 

.020 

.021 

.041 

.026 

.041 

.029 

.026 

.012 

.021 

.061 

.068 

.008 

.000 

.003 

.000 

.003 

.028 

.056 

.075 

.051 

.043 

.024 

.018 

.010 

.017 

.021 

.036 

.037 

.045 

.037 

.026 

.009 

.062 

.107 

.097 

.091 

.074 

.059 

.032 

.029 

.071 

.105 

.029 

.013 

.008 

.002 

.004 

.036 

.064 

.090 

.070 

.059 

.044 

.028 

.015 

.025 

.028 

.043 

.064 

.066 

.056 

.037 

.024 

.065 

.082 

.154 

.149 

.126 

.102 

.070 

.041 

.033 

.076 

.124 

.054 

.029 

.018 

.012 

.010 

.116 

.195 

.205 

.231 

.199 

.154 

.154 

.089 

.084 

.090 

.174 

.258 

.228 

.208 

.190 

.073 

.144 

.212 

.380 

.462 

.368 

.315 

.263 

.136 

.101 

.174 

.291 

.275 

.206 

.151 

.162 

.072 

1.000 

.998 

.998 

.999 

.997 

.999 

.998 

.998 

.996 

1.000 

1.000 

.999 

.998 

.999 

1.000 

.997 

.998 

1.000 

.997 

1.000 

1.000 

1.000 

1.000 

1.000 

.998 

.996 

.998 

.999 

.998 

1.000 

.998 

1.000 

TABLE  16.  Probability  That  Visibility  is  Less  Than  or 

Equal  to  The  Given  Threshold  at  Jerusalem,  Israel. 


Visibility  _ Local  Time 

Threshold  Season 


(miles)* 

0000 

0300 

0600 

0900 

1200 

1500 

1800 

2100 

0.23 

Winter 

.004 

.009 

.009 

.011 

.006 

.001 

.004 

.008 

Spring 

.005 

.003 

.012 

.003 

.000 

.000 

.000 

.002 

Summer 

.002 

.008 

.011 

.000 

.000 

.000 

.000 

.001 

Fall 

.000 

.002 

.008 

.003 

.001 

.000 

.001 

.000 

0.62 

Winter 

.030 

.024 

.030 

.043 

.023 

.018 

.018 

.026 

Spring 

.012 

.016 

.039 

.017 

.006 

.004 

.001 

.005 

Summer 

.013 

.024 

.026 

.000 

.000 

.000 

.000 

.007 

Fall 

.008 

.012 

.018 

.009 

.007 

.000 

.003 

.004 

1 

Winter 

.030 

.029 

.038 

.047 

.027 

.023 

.024 

.035 

Spring 

.012 

.016 

.039 

.019 

.006 

.005 

.001 

.006 

Summer 

.013 

.028 

.027 

.000 

.000 

.000 

.001 

.009 

Fall 

.009 

.012 

.018 

.009 

.007 

.000 

.003 

.005 

2 

Winter 

.075 

.068 

.070 

.097 

.067 

.067 

.065 

.076 

Spring 

.034 

.043 

.085 

.053 

.022 

.019 

.018 

.026 

Summer 

.031 

.051 

.108 

.005 

.000 

.003 

.001 

.011 

Fall 

.014 

.024 

.035 

.015 

.011 

.007 

.007 

.009 

3 

Winter 

.108 

.098 

.104 

.135 

.097 

.097 

.114 

.130 

Spring 

.060 

.076 

.124 

.086 

.052 

.041 

.042 

.075 

Summer 

.042 

.070 

.175 

.012 

.000 

.004 

.004 

.020 

Fall 

.021 

.028 

.048 

.025 

.020 

.014 

.015 

.017 

5 

Winter 

.279 

.294 

.274 

.266 

.214 

.221 

.250 

.292 

Spring 

.230 

.246 

.256 

.222 

.148 

.162 

.174 

.229 

Summer 

.197 

.275 

.379 

.133 

.049 

.049 

.054 

.109 

Fall 

.134 

.148 

.182 

.111 

.061 

.066 

.054 

.116 

10 

Winter 

.992 

.996 

.991 

.855 

.824 

.828 

.873 

.985 

Spring 

.994 

.994 

.970 

.826 

.783 

.810 

.856 

.964 

Summer 

.992 

.995 

.982 

.851 

.810 

.864 

.874 

.978 

Fall 

.984 

.990 

.982 

.832 

.777 

.819 

.859 

.976 

10 


TABLE  17.  Probability  That  Visibility  Is  Less  Than  or 

Equal  to  The  Given  Threshold  at  Tel  Aviv,  Israel. 


Visibility 

Season 

Local 

Time 

Threshold 

(miles)* 

0000 

0300 

0600 

0900 

1200 

1500 

1800 

2100 

0.23 

Winter 

.003 

.001 

.005 

.003 

.000 

.000 

.000 

.000 

Spring 

.001 

.005 

.013 

.005 

.000 

.000 

.000 

.000 

Summer 

.001 

.005 

.006 

.000 

.000 

.000 

.002 

.001 

Fall 

.002 

.004 

.002 

.002 

.000 

.000 

.000 

.000 

0.62 

Winter 

.005 

.003 

.009 

.006 

.001 

.003 

.003 

.001 

Spring 

.002 

.009 

.018 

.016 

.001 

.001 

.005 

.001 

Summer 

.005 

.009 

.016 

.004 

.001 

.001 

.005 

.009 

Fall 

.002 

.004 

.004 

.006 

.001 

.000 

.000 

.000 

1 

Winter 

.006 

.005 

.010 

.010 

.005 

.005 

.006 

.004 

Spring 

.004 

.014 

.020 

.016 

.002 

.005 

.008 

.002 

Summer 

.005 

.010 

.024 

.004 

.001 

.001 

.005 

.009 

Fall 

.002 

.005 

.004 

.009 

.001 

.000 

.000 

.000 

2 

Winter 

.014 

.014 

.015 

.035 

.028 

.023 

.018 

.010 

Spring 

.008 

.023 

.057 

.044 

.020 

.019 

.022 

.008 

Summer 

.006 

.022 

.084 

.032 

.001 

.001 

.005 

.009 

Fall 

.005 

.008 

.006 

.019 

.005 

.006 

.002 

.002 

3 

Winter 

.019 

.020 

.023 

.053 

.041 

.033 

.031 

.014 

Spring 

.010 

.034 

.100 

.076 

.037 

.029 

.028 

.018 

Summer 

.008 

.028 

.141 

.063 

.008 

.001 

.005 

.009 

Fall 

.005 

.010 

.006 

.032 

.009 

.009 

.004 

.004 

5 

Winter 

.175 

.213 

.227 

.377 

.270 

.210 

.240 

.164 

Spring 

.253 

.339 

.510 

.544 

.344 

.282 

.249 

.191 

Summer 

.233 

.352 

.738 

.610 

.368 

.213 

.176 

.208 

Fall 

.094 

.143 

.190 

.339 

.178 

.115 

.125 

.077 

10 

Winter 

.994 

.990 

.988 

.967 

.874 

.829 

.901 

.982 

Spring 

.996 

.995 

.985 

.992 

.946 

.940 

.940 

.984 

Summer 

.999 

.999 

.996 

.996 

.989 

.986 

.976 

.999 

Fall 

.996 

.998 

.990 

.973 

.907 

.848 

.926 

.982 

*  1  ml  “  1.61  km 


[il»l 


Equal 

to  The 

Given 

Threshold  at 

Tehran, 

Iran. 

Visibility 

Threshold 

(miles)* 

Season 

Local 

Time 

0000 

0300 

0600 

0900 

1200 

1500 

1800 

2100 

0.23 

Winter 

.007 

.008 

.009 

.005 

.002 

.002 

.004 

.006 

Spring 

.000 

.005 

.002 

.000 

.000 

.002 

.004 

.000 

S  umme  r 

.002 

.002 

.002 

.000 

.000 

.000 

.002 

.000 

Fall 

.000 

.000 

.000 

.000 

.000 

.004 

.002 

.004 

0.62 

Winter 

.023 

.028 

.025 

.041 

.035 

.023 

.017 

.020 

Spring 

.002 

.006 

.004 

.006 

.004 

.002 

.004 

.002 

Summer 

.002 

.002 

.002 

.002 

.000 

.002 

.002 

.002 

Fall 

.000 

.000 

.002 

.000 

.000 

.004 

.002 

.004 

1 

Winter 

.027 

.041 

.034 

.058 

.045 

.040 

.026 

.033 

Spring 

.004 

.006 

.004 

.008 

.006 

.003 

.004 

.003 

Summer 

.002 

.002 

.002 

.003 

.000 

.002 

.002 

.002 

Fall 

.000 

.000 

.002 

.000 

.002 

.004 

.002 

.004 

2 

Winter 

.091 

.096 

.080 

.176 

.122 

.069 

.068 

.101 

Spring 

.004 

.008 

.008 

.014 

.016 

.006 

.012 

.007 

Summer 

.002 

.005 

.002 

.008 

.004 

.003 

.006 

.003 

Fall 

.010 

.004 

.002 

.009 

.011 

.009 

.009 

.006 

3 

Winter 

.137 

.128 

.125 

.270 

.214 

.108 

.123 

.140 

Spring 

.006 

.010 

.010 

.032 

.023 

.016 

.014 

.010 

Summer 

.002 

.008 

.006 

.028 

.013 

.005 

.012 

.008 

Fall 

.010 

.006 

.007 

.034 

.026 

.014 

.019 

.008 

5 

Winter 

.385 

.373 

.392 

.642 

.531 

.351 

.380 

.386 

Spring 

.061 

.070 

.095 

.288 

.162 

.085 

.081 

.080 

S  umme  r 

.034 

.037 

.109 

.329 

.140 

.053 

.045 

.056 

Fall 

.090 

.063 

.060 

.356 

.213 

.088 

.091 

.111 

10 

Winter 

.991 

.994 

.991 

.993 

.994 

.967 

.979 

.988 

Spring 

.998 

.994 

.990 

.986 

.945 

.913 

.943 

.988 

Summer 

1.000 

1.000 

.998 

1.000 

1.000 

.967 

.976 

.997 

Fall 

.995 

.996 

.998 

.996 

.987 

.955 

.974 

.996 

*  1  mi  =  1.61  km 


36 


[•Hill 


liiTSj 


Equal  to  The  Specified  Cloud  Al. 


Cloud  Amount  (Octas) 


Time 

Season 

0 

4 

7 

0000 

Winter 

41.87 

62.95 

88.25 

Spring 

46.21 

68.62 

91.34 

Summer 

64.62 

89.98 

99.52 

Fall 

57.44 

84.21 

97.89 

0300 

Winter 

42.66 

63.39 

88.35 

Spring 

48.22 

69.77 

91.63 

Summer 

59.08 

87.07 

98.69 

Fall 

57.27 

83.81 

97.75 

0600 

Winter 

44.09 

63.03 

90.30 

Spring 

38.04 

63.20 

88.82 

S  umme  r 

49.44 

77.53 

98.07 

Fall 

55.81 

82.96 

96.83 

0900 

Winter 

24.55 

49.66 

83.45 

Spring 

29.23 

54.36 

88.21 

Summer 

58.46 

84.95 

100.00 

Fall 

41.47 

76.00 

97.87 

1200 

Winter 

17.97 

44.17 

82.58 

Spring 

23.51 

52.47 

88.12 

Summer 

69.43 

92.49 

100.00 

Fall 

44.96 

74.54 

97.88 

1500 

Winter 

12.81 

38.56 

82.70 

Spring 

19.77 

51.20 

89.73 

Summer 

64.42 

92.88 

100.00 

Fall 

36.57 

72.08 

97.38 

1800 

Wlnte  c 

14.19 

43.95 

83.03 

Spring 

22.55 

55.67 

89.43 

Summer 

70.88 

96.71 

100.00 

Fall 

41.36 

79.39 

97.21 

2100 

Winter 

33.10 

58.59 

85.18 

Spring 

38.60 

66.62 

90.45 

Summer 

69.14 

94.30 

99.74 

Fall 

54.39 

84.84 

98.14 

TABLE  20.  Cumulative  Percent  of  Cloud  Cover  Less  Than  or 
Equal  to  The  Specified  Cloud  Amount  at  Tel  Aviv 


Cloud  Amount  (Octas) 


Season 


0 


4 


TABLE 

22.  Cumulative  Percent  of 
Equal  to  The  Specified 

Cloud  Cover  Less 
Cloud  Amount  at 

Than  or 
Baghdad. 

Cloud  Amount 

(Octas) 

Time 

Season 

0 

A 

7 

0000 

Winter 

37. A8 

68.99 

86.71 

Spring 

AO. 29 

71. OA 

91.59 

Summer 

91.68 

99.02 

99.51 

Fall 

67.98 

88.51 

95.86 

0300 

Winter 

38.13 

66.09 

87.03 

Spring 

A2.25 

75. OA 

93.35 

S  urame  r 

92.20 

98.55 

99.28 

Fall 

70.06 

89.97 

97.  A1 

0600 

Winter 

37.82 

66.39 

85.21 

Spring 

26. A2 

67.30 

89.15 

Summer 

85.85 

98.60 

99.69 

Fall 

60.00 

87.86 

97. lA 

0900 

Winter 

23.28 

5A.82 

8A.69 

Spring 

29.03 

61.83 

91.15 

Summer 

89. AO 

97.71 

99.86 

Fall 

55.56 

84.06 

98.87 

1200 

Winter 

20.20 

56.03 

86.59 

Spring 

25.71 

60.82 

90.91 

Summer 

89.92 

98.18 

99.83 

Fall 

55.52 

83.36 

99.12 

1500 

Winter 

13.31 

45.39 

85. A8 

Spring 

17.87 

53.  A7 

91. lA 

Summer 

86.70 

97.21 

99.01 

Fall 

50.98 

80.07 

97.71 

1800 

Winter 

12. 7A 

50.96 

86.39 

Spring 

16.81 

5A.08 

91.51 

Summer 

87.77 

98.05 

99.82 

Fall 

48.61 

80.22 

97.78 

2100 

Winter 

32.75 

65.65 

87.38 

Spring 

3A.55 

71.82 

92.88 

Summer 

90.15 

98.62 

99. 5A 

Fall 

63.87 

87.06 

97.31 

2100 


Time 

Season 

0 

4 

7 

0000 

Winter 

34.85 

60.82 

82.92 

Spring 

25.19 

59.66 

92.42 

Summer 

49.40 

86.20 

98.80 

Fall 

58.33 

86.19 

97.62 

Winter 

35.46 

59.66 

84.80 

Spring 

27.45 

64.05 

94.12 

Summer 

54.72 

87.20 

99.20 

Fall 

58.75 

86.88 

97.91 

Winter 

28.86 

62.19 

85.68 

Spring 

18.92 

62.16 

93.05 

Summer 

53.38 

88.35 

99.25 

Fall 

50.34 

87.87 

98.17 

Winter 

21.34 

56.08 

84.30 

Spring 

15.19 

60.60 

92.72 

Summer 

55.43 

92.39 

99.84 

Fall 

44.86 

82.62 

98.23 

Winter 

16.94 

60.00 

84.08 

Spring 

7.19 

59.55 

91.58 

Summer 

44.44 

95.59 

100.00 

Fall 

33.33 

81.94 

97.85 

Winter 

14.24 

52.95 

83.51 

Spring 

3.22 

52.89 

90.35 

Summer 

33.70 

94.07 

100.00 

Fall 

26.69 

79.03 

97.05 

Winter 

13.80 

54.99 

84.29 

Spring 

5.12 

51.97 

89.57 

Summer 

36.74 

89.39 

99.21 

Fall 

36.07 

78.92 

96.25 

TABLE  24.  Mean  and  Standard  Deviation  of  Wind  Speed 
In  Meters  Per  Second  at  Jerusalem. 


Standard 


Time 

Season 

Mean 

Devlatii 

0000 

V/lnter 

3.35 

3.59 

Spring 

3.43 

3.24 

Summer 

4.15 

2.23 

Fall 

2.69 

2.34 

0300 

Winter 

3.25 

3.71 

Spring 

3.11 

3.30 

Summer 

3.80 

2.30 

Fall 

2.40 

2.37 

0600 

Winter 

3.21 

3.75 

Spring 

2.66 

3.16 

Summer 

3.03 

2.39 

Fall 

1.95 

2.27 

0900 

Winter 

3.31 

3.51 

Spring 

3.56 

2.99 

Summer 

3.37 

2.07 

Fall 

2.46 

2.33 

1200 

Winter 

4.66 

3.56 

Spring 

4.74 

3.11 

Summer 

4.25 

1.93 

Fall 

3.52 

2.33 

1500 

Winter 

5.30 

3.61 

Spring 

5.73 

3.35 

Summer 

6.21 

1.94 

Fall 

4.48 

2.42 

1800 

Winter 

4.64 

3.58 

Spring 

5.88 

3.35 

Summer 

7.18 

1.92 

Fall 

4.90 

2.54 

2100 

Winter 

3.55 

3.48 

Spring 

4.22 

3.14 

Summer 

5.35 

2.29 

Fall 

3.45 

2.51 

TABLE  25.  Mean  and  Standard  Deviation  of  Wind  Speed 
In  Meters  Per  Second  at  Tel  Aviv. 


Time 

Season 

Mean 

Standard 

Deviation 

0000 

Winter 

2.44 

2.30 

Spring 

1.99 

1.60 

Summer 

1.69 

1.15 

Fall 

1.59 

1.34 

0300 

IVinter 

2.42 

2.14 

Spring 

2.14 

1.92 

Summer 

2.02 

0.98 

Fall 

1.65 

1.38 

0600 

Winter 

2.45 

2.20 

Spring 

2.14 

1.92 

Summer 

2.03 

1.09 

Fall 

1.59 

1.55 

0900 

Winter 

2.61 

2.34 

Spring 

2.73 

2.41 

Summer 

2.68 

1.25 

Fall 

1.95 

1.73 

1200 

Winter 

3.94 

2.82 

Spring 

4.41 

2.64 

Summer 

4.27 

1.30 

Fall 

3.53 

1.90 

1500 

Winter 

4.65 

2.45 

Spring 

5.69 

2.20 

Summer 

5.32 

1.02 

Fall 

5.15 

1.71 

1800 

Winter 

3.42 

2.17 

Spring 

4.84 

1.89 

Summer 

4.66 

1.12 

Fall 

4.17 

1.68 

2100 

Winter 

2.53 

1.88 

Spring 

2.34 

1.73 

Summer 

1.98 

1.19 

Fall 

1.74 

1.50 

Standard 

Deviation 


Season 


Mean 


TABLE  28.  Mean  and  Standard  Deviation  of  Wind  Speed 
In  Meters  Per  Second  at  Tehran. 


Time 

Season 

Mean 

Standard 

Deviation 

0000 

Winter 

1.24 

1.93 

Spring 

2.93 

2.96 

Summer 

2.32 

2.16 

Fall 

1.68 

1.84 

0300 

Winter 

1.22 

1.96 

Spring 

2.26 

2.55 

Summer 

1.96 

2.09 

Fall 

1.71 

2.05 

0600 

Winter 

1.04 

1.85 

Spring 

2.10 

2.40 

Summer 

1.87 

1.93 

Fall 

1.54 

1.91 

0900 

Winter 

1.29 

2.10 

Spring 

3.56 

3.09 

Summer 

3.34 

2.23 

Fall 

1.93 

2.12 

1200 

Winter 

2.69 

2.68 

Spring 

4.93 

3.44 

Summer 

4.02 

2.28 

Fall 

3.13 

2.63 

1500 

Winter 

3.17 

3.28 

Spring 

5.46 

3.65 

Summer 

3.92 

2.54 

Fall 

3.74 

2.87 

1800 

V/inter 

2.33 

2.86 

Spring 

4.70 

3.36 

Summer 

3.56 

2.60 

Fall 

2.25 

2.78 

2100 

Winter 

1.44 

2.17 

Spring 

3.31 

2.97 

Summer 

2.56 

2.50 

Fall 

1.79 

2.06 
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